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On  the   arc    of  the    meridian    measured  in  Lapland.     By   I.  Todhunteb, 

M.A.,  F,E.S. 


[Read  May  1,  1871.] 


1.  The  arc  of  the  meridian  measured  in  Lapland,  although  of  small  extent,  and  therefore 
unimportant  when  compared  with  the  very  large  arcs  which  have  been  since  measured,  is  of 
great  interest  in  au  historical  point  of  view.  The  measurement  of  this  arc  in  1736  and  1737 
settled  a  controversy  which  had  been  carried  on  for  some  time  as  to  the  figure  of  the  earth. 
The  eminent  observers  of  the  family  and  school  of  Cassini  maintained  that  the  polar  diameter 
of  the  earth  was  larger  than  the  equatorial  diameter;  while  Newton  and  his  followers  main^ 
tained  the  contrary  opinion.  The  result  of  the  operations  carried  on  in  Lapland  was  decisive 
against  the  Cassinian  theory;  but  it  introduced  another  difficulty  into  the  subject,  and  thus 
stimulated  theorists  and  observers  to  further  exertions.  For  the  ellipticity  of  the  earth 
obtained  from  the  use  of  the  measurement  in  Lapland  seemed  too  large  to  harmonize  with  the 
result  of  other  investigations.  And  accordingly  the  arc  was  remeasured  at  the  beginning  of 
the  present  century. 

2.  I  have  recently  had  occasion  to  study  the  details  of  the  two  measurements  of  the  arc 
in  Lapland  in  connexion  with  a  work  on  the  history  of  the  Mathematical  Theories  of  Attrac* 
tion,  and  of  the  Figure  of  the  Earth,  which  has  for  a  long  time  engaged  my  attention.  I  have 
been  surprised  to  find  that  the  accounts  of  these  operations,  which  are  most  easily  accessible, 
although  written  by  very  distinguished  astronomers,  contain  nun^erous  and  serious  errors;. and 
I  have  thought  it  would  be  interesting  and  instructive  to  point  out  these  errors  and  supply 
the  appropriate  corrections.  I  do  not  propose  to  give  a  narrative  of  all  the  circumstances  of 
the  two  operations,  but  only  such  a  sketch  as  will  render  intelligible  the  critical  remarks 
which  form  the  substance  of  this  memoir. 

3.  The  controversy  which  was  maintained  between  the  Cassinians  and  the  Newtonians  as 
to  the  figure  of  the  earth,  induced  the  French  Academy  to  procure  the  measurement  of  a 
degree  of  the  meridian  near  the  equator,  in  order  that  the  question  in  dispute  might  be  settled 
by  comparing  this  length  with  what  was  considered  to  be  the  known  length  of  a  degree  of  the 
meridian  in  the  latitude  of  Paris.  Accordingly  Bouguer,  La  Condamine,  and  Godin  started  in 
May,  1735,  on  this  expedition  for  Peru. 
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Shortly  afterwards  another  expedition  was  arranged  for  measuring  an  arc  of  the  meridian 
as  near  as  possible  to  the  pole.  This  task  was  entrusted  to  four  members  of  the  Academy, 
Maupertuis,  Glairaut,  Camus,  and  Le  Monnier.  Moreover  I'abb^  Outhier,  who  was  a 
correspondent  of  the  Academy,  and  Celsius,  who  was  professor  of  astronomy  at  Upsal,  were 
associated  with  the  four  members  of  the  Academy. 

The  Arctic  expedition  left  Paris  in  April,  1736. 

4.  Two  accounts  of  the  French  expedition  were  published  by  members  of  the  party, 
Maupertuis  and  Outhier. 

Maupertuis  published  La  Figure  de  la  Terre  d^^ermtn^.,.. Paris,  1738.  The  greater  part 
of  this  work  is  reproduced  in  the  Histoire  de  VAcademie..Aox  1737,  which  appeared  in  1740. 
The  work  of  Maupertuis  was  translated  into  various  languages.  See  La  Condamine  JovarruU 
du  Voyage,^., "page  iii.  I  have  a  German  translation  which  was  published  at  Zurich  in  174'1, 
and  a  Latin  translation  which  was  published  at  Leipsic  in  1742.  I  shall  make  my  references 
to  the  original  French  edition  of  Maupertuis^s  work. 

Outhier  published  Journal  dun  Voyage  au  JVbrd... .Paris,  1744.  This  work  seems  to  be 
scarce  and  little  known;  I  have  used  the  copy  which  is  fortunately  in  the  University  Library. 
I  may  mention  that  the  list  of  plates  does  not  quite  correspond  with  the  plates  in  this  copy, 
which  is  the  only  one  I  have  seen. 

5.  The  calculations  and  the  theoretical  deductions  are  given  most  fully  by  Mauper- 
tuis ;  the  details  of  the  daily  occupations  of  the  members  of  the  party,  and  the  peculiarities 
of  the  country  and  of  the  inhabitants,  are  given  most  fully  by  Outhier. 

6.  It  will  be  convenient  to  name  some  other  important  authorities  to  whom  I  shall 
have  frequent  occasion  to  refer. 

The  original  account  of  the  remeasurement  of  the  arc  at  the  beginning  of  the  present 
century  is  that  published  by  Svanberg  under  the  title  Eapoeition  des  operations  faitea  en 
Lapponi6..,«  Stockholm,  1805. 

In  various  volumes  of  Zach's  Monatliche  Oorrespondenx  papers  will  be  found  which 
relate  to  the  Swedish  survey.  They  are  interesting  from  the  fact  that  they  are  nearly 
contemporary  with  the  operation  to  which  they  relate.  In  Vol.  xii.,  page  425,  of  the 
Journal  references  are  given  to  the  preceding  papers  on  the  subject. 

The  Connaissanoe  des  Terns  for  1808  contains  in  pages  466.. .479  what  may  be  called 
a  review  of  Svanberg'^s  book.  This  review  may  be  safely  attributed  to  Delambre,  who 
was  then  the  editor  of  the  Connaissance  des  Terns,  In  fact  on  the  first  page  of  the 
review  the  writer  speaks  of  himself  as  having  caused  the  repeating  circle  to  be  made ;  and 
from  page  xv  of  the  preface  to  Svanberg'^s  book  we  identify  the  writer  with  Delambre. 

In  the  numbers  121  and  122  of  the  Astronomische  Nachrtchten^  published  in  1827,  there 
is  an  elaborate  discussion  by  Rosenberger  of  the  French  measure  of  the  arc. 

The  well-known  treatise  on  the  Figure  of  the  Earth  in  the  Encgclopasdia  Metro- 
politana,  by  G.   B.  Airy,  the  present  Astronomer  Royal,  is  dated   1830. 
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7.  In  referring  to  the  works  of  which  I  have  spoken  I  shall  give  the  initial  letter 
of  the  author^s  name,  followed  bj  the  page  of  the  work  to  which  I   invite  attention. 

8.  We  return  to  Maupertuis  and  his  companions.  There  was  some  doubt  at  first 
as  to  the  most  eligible  place  for  measuring  the  arc  of  the  meridian.  M.  11;  0.3^  52.  Finally 
Tornea  was  taken  for  the  most  southern  station,  and  Kittis  for  the  most  northern 
station;  these  are  both  close  to  the  river  Tornea  and  nearly  on  the  same  meridian. 
The  other   stations   were  mountains  not  far  from   the   river, 

9.  All  the  geodetical  angles  were  observed  in  the  space  of  about  two  months, 
between  the  beginning  of  July  and  the  beginning  of  September,  1736.  The  observations 
were   made   with  a  quadrant   of  two  feet   radius.     M.   33,  79;   O.  204. ..219. 

10.  The  step  next  taken  was  probably  the  most  difficult  and  the  most  important 
of  all,  namely  to  determine  the  amplitude  of  the  arc,  that  is  the  difference  between  the 
latitudes  of  the  extreme  stations.  The  star  S  Draconis  was  selected,  which  passed  the 
meridian  very  near  to  the  zenith  of  both  places.  Observations  of  this  star  were  made 
at  Kittis  on  five  days  of  October,  and  at  Tornea  on  five  days  of  November.  The 
instrument  employed  was  a  zenith  sector  constructed  by  Graham,  at  London;  it  resem- 
bled that  with  which  Bradley  had  made  the  observations  which  established  the  aberra- 
tion of  light.  The  instrument  was  not  employed  to  determine  the  absolute  zenith  distance 
of  a  star,  and  hence  the  latitude  of  the  place,  but  only  the  difference  between  the  zenith 
distances  of  the  same   star  at  two  places,  and  the  consequent  difference  of  latitudes.   M.  37. 

11.  It  is  necessary  to  observe  very  carefully  the  fact  recorded  at  the  conclusion  of  the 
preceding    Article.      The    contrary   has   indeed    been    stated :    thus    '*  The    latitudes   were 

observed    with    a    sector    made    by  Graham"  " the  latitudes  were  re-observed ^ 

A.  169.     These  statements  are  of  course  erroneous,  and,   as  we  shall   see,   the  error  has 
exerted  a  fatal  influence. 

12.  The  observations  for  determining  the  difference  of  latitude  required  corrections  for 
aberration,  for  precession,  and  for  a  third  inequality  which  had  been  recently  discovered 
by  Bradley,  and  which  is  doubtless  what  we  now  call  nutation.  M.  44, 123.  No  correction 
was  made  for  refraction.  M.  125.  The  final  result  was  that  the  difference  of  latitude 
appeared  to  be  57'  26''-93.     M.  104,  124. 

13.  The  base  was  measured  on  the  frozen  surface  of  the  river  Tornea,  very  nearly  in  the 
direction  of  the  stream ;  the  extremities  of  the  base  were  on  the  land.  The  measurement  of 
the  base  was  begun  on  December  21st,  and  occupied  a  week.  Eight  rods  of  fir  were 
employed  each  five  toises  long. 

14.  It  has  been  stated  however  that  the  rods  were  each  Jour  toises  long.  A.  205. 
I  am  at  a  loss  to  account  for  this  statement,  as  both  the  original  authorities  concur  in  giving 
five  toises  or  thirty  feet.  M.  49 ;  O.  137.  It  would  I  think  be  advantageous  for  the  sake 
of  accuracy  to  have  the  rods  as  long  as  possible. 
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15.  The  correct  length  of  the  rods  of  fir  was  determined  by  the  aid  of  an  iron  toise 
which  had  been  carefully  adjusted  to  the  length  of  the  standard  toise  at  Paris.  M.  49;  0. 137. 
This  toise  has  since  taken  its  place  in  the  history  of  the  subject  as  the  Toise  du  Nord. 

It  is  necessary  to  say  a  few  words  on  this  Toise,  An  iron  toise  had  in  like  manner 
been  taken  by  the  party  despatched  to  Peru,  which  has  been  since  known  as  the  Toise  du 
P^ou.  It  is  curious  that  neither  Maupertuis  nor  Outhier  alludes  to  the  Toise  of  Peru. 
We  know  however  that  the  Toise  of  Peru  and  the  Toise  of  the  North  were  made  by  the 
same  artist,  and  that  they  were  carefully  compared  and  found  equal  before  the  expedition 
started  for  Peru.     See  La  Condamine  Mesure  des  trois  premiers  degree... psLge  75. 

On  the  return  of  Maupertuis  from  Lapland  to  France  he  was  shipwrecked  in  the  Gulf  of 
Bothnia.  He  barely  alludes  to  the  misfortune  himself,  but  we  find  from  Outhier  that  the 
instruments  were  immersed,  and  were  cleaned  rather  more  than  a  month  after  the  accident. 
M.  78;   O.  169,  189- 

La  Condamine  gives  an  account  of  these  and  other  toises  in  the  Histoire  d0  VAcaddmie 
...for  1772,   second  part,  pages  482 •••501.     He  considers  that  the  Toise  of  the  North  may 

be   from  —    to  —    of  a   line  shorter    than    the   Toise  of  Peru;    this  he  attributes  to   the 
30  20 

results   of  the  shipwreck.       We    learn  from  his  memoir  that  the   name  of  the  artist   was 

Langlois.     This    memoir  is    perhaps    the    authority    which   is    required    by    Airy :    see  the 

note   to  his  page  206. 

The  Toises  of  Peru  and  of  the  North  were  again  compared  in  1799  and  found  to 
be  sensibly  equal:   see   Base  du  Syst  Mdtrique   iii.  413. 

The  toises  are  referred  to  by  Delambre  in    his  Rapport  hisiorique... ISIO,   page  69. 

16.  I  cannot  give  any  later  references  for  the  history  of  these  famous  toises.  It 
is  reported  that  one  at  least  of  them  was  damaged  by  a  workman  who  used  it  as  a 
crow-bar^  being  ignorant  of  its  importance.  From  enquiries  lately  made  at  Paris  by  a 
distinguished  member  of  the  University  it  may  be  inferred  that  the  toises  cannot  be 
found,  or  that  they  are  in  such  a  state  that  no  safe  determination  could  now  be 
made  of  their  length  when  first  employed.  Although  it  is  much  to  be  regretted  that 
any  accident  should  have  befallen  these  famous  toises,  yet  even  if  there  had  been  no  accident 
I  should  hesitate  to  believe  that  after  the  lapse  of  130  years  the  lengths  of  such  iron 
bars  would  be  absolutely  the  same  as  they  were  originally. 

17.  It  followed  from  the  amplitude  of  the  arc  and  the  measured  length  of  the  base 
that  a  degree  of  the  meridian  at  the  Arctic  circle  was  nearly  1000  toises  larger  than  it 
should  have  been,  according  to  the  Cassinian  theory.  M.  58.  The  magnitude  of  this 
result  astonished  Maupertuis  and  his  companions;  and  although  they  considered  their 
operations  to  be  incontestable   they   resolved  to  make  most    rigorous  verifications.    M.  6S. 

18.  The  angles  of  the  triangles  were  supposed  to  admit  of  no  doubt;  these  angles 
had  been  observed  many  times  by  various  persons,  and  the  three  angles  of  every  triangle 
bad  been  observed. 
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19.  The  following  statement  has  been  made :  '*  The  result  being  somewhat  different 
from  what  they  had  expected,  the  latitudes  were  re-observed,  and  some  angles  of  the 
triangles,  which   had   been   before  omitted,   were  observed."     A.  169. 

The  first  part  of  this  sentence  does  not  adequately  represent  the  opinion  of  Mau- 
pertuis,   as   we  see  from  his   diffHroit  tani  and  his  noi^  ^tonnoit 

I  have  already  drawn  attention  to  the  error  involved  in  the  statement  that  the 
latitudes  were  re-observed,   Art.  11. 

The  statement  with  respect  to  *<  some  angles  of  the  triangles  ^  is  not  in  harmony  with 
the  evidence.  It  is  true  that  while  the  base  was  being  measured  the  altitude  of  one 
object,  a  tree,  which  had  been  neglected,  and  which  was  of  very  little  importance,  was 
observed.  M.  5S ;  O.  140.  But  no  angles  of  triangles  were  observed  after  the  base  had 
been    measured.     Maupertuis  obviously  lays   stress  on  this  fact     M.  48. 

30.  The  accuracy  of  the  calculations  was  verified  by  combining  the  triangles  in  various 
ways ;  and  also  by  investigating  what  the  result  would  be  on  the  assumption  that  errors  had 
arisen  in  measuring  the  angles  which  all  tended  to  make  the  length  of  the  arc  of  the  meridian 
greater  than  it  should  have  been.  But  the  length  of  the  arc  still  continued  without  any 
important  diminution.  M.  63...65.  The  measurement  of  the  base  was  considered  to  be 
above  suspicion. 

21.  Thus  it  only  remained  to  consider  the  amplitude  of  the  arc.  Maupertuis  gives 
reasons  for  warranting  confidence  in  this  also;  nevertheless  he  resolved  to  employ  a  most 
laborious  verification,  which  would  exhibit  the  accuracy  of  the  instrument  and  the  degree 
of  precision  which  could  be  ascribed  to  the  value  of  the  amplitude.  The  verification 
consisted  in  determining  the  amplitude  again  by  observations  on  another  star :  the  star 
o  Draconis  was  selected. 

It  should  be  remarked  that  another  reason  has  been  assigned  for  selecting  the  am- 
plitude as  the  part  of  the  whole  work  which  should  be  verified ;  namely,  that  it  was 
more  easy  to  verify  this  than  any  other  part.  Histaire  de  r Acad^mie... tor  1737,  page  95* 
And  Outhier  seems*  to  offer  as  a  reason  simply  the  fact  that  the  long  winter  gave  them 
time.     O.  153.     See  also   Art.   64  of  the  present   memoir, 

22.  The  star  a  Draconis  was  observed  with  the  zenith  sector  at  Tornea  on  the  17th, 
18th,  and  19th  of  March,   1737;  and  at  Kittis  on  the  4th,  5tb,  and  6th  of  April. 

The  amplitude  of  the  arc  as  determined  from  these  observations,  when  corrected  in 
the  manner  noticed   in    Art.  12,   was  57'  30"'42. 

Thus  the  second  determination  of  the  amplitude  exceeded  the  first  by  3''*49.  Maupertuis 
remarks  that  this  excess  would  be  reduced  to  2"'54  by  allowing  for  an  inequality  in  the 
divisions  of  the  sector;  and  that  it  would  not  surpass  s"  if  only  the  best  observations 
were  employed.    M.  124.     But  he  does  not  avail  himself  of  these  adjustments. 

23.  Maupertuis  adopted  the  mean  of  the  results  furnished  by  the  stars  8  and  a 
Draconis,  namely,  57'  28'''679  as  the  amplitude  of   the   arc  between    his    extreme  stations ; 
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and  deduced  574>37'9  toises  for  the  length  of  the  degree  of  the  meridian  which  is  bisected 
by  the  Arctic  circle.     M.  1S5. 

24.  It  is  reported  that  Maupertuis  himself  was  not  satisfied  with  the  result  obtained, 
and  wished  to  repeat  the  operations  at  his  own  expense.  See  Lalande's  Bibliographie 
Jstronomigue,  pages  407  and  811;    Zach's  MonatHchs  Correspondenz,  Vol.  i.  page  116. 

25.  The  scrutiny  to  which  the  operations  of  the  French  expedition  have  since  been 
subjected  has  resulted  in  the  introduction  of  various  small  corrections;  although  these  do 
not  materially  affect  the  result,  yet  they  deserve  some  attention,  and  we  will  now 
consider  them. 

26.  A  correction  for  refraction  was  suggested  at  a  very  early  period ;  see  Bouguer's 
Figure  de  la  Terre^  page  290:  it  was  considered  that  the  amplitude  of  the  arc  ought 
to  be  increased  by  about  a  second,  and  the  length  of  the  degree  diminished  in  con- 
sequence by  about  l6  toises.  Bailly,  in  a  note  on  page  39  of  Vol.  iii.  of  the  Hietaire 
de  I'Astronomie  Moderne^  has  by  a  misprint  sixteen  seconde  instead  of  sixteen  taisee. 
Rosenberger  corrects  the  observations  of  each  star  for  refraction;  and  on  the  whole  his 
corrections  on  this  account  increase  the  amplitude  by  about  l"*OS.  In  the  Encydopcsdia 
Metropolitana,  page  206,  the  correction  of  the  amplitude  for  refraction  is  put  at  o"'7. 

27.  In  the  trigonometrical  calculations  Maupertuis  in  general  reduced  his  angles  to 
the  horizon ;  but  in  one  case  be  seems  to  have  omitted  to  do  so,  which  produced  a  slight 
error.  R.  21. ..23.  That  this  error  is  slight  might  have  been  anticipated  from  the  fact 
that  Outhier  calculated  the  length  of  the  arc  without  any  reduction  to  the  horizon,  and 
obtained  a  result  which   did  not  differ    by  5  toises  from  that  of  Maupertuis. 

Maupertuis  made  no  reduction  for  the  elevation  of  his  arc  above  the  level  of  the  sea; 
but  this  is  of  very  small  importance.     Rosenberger  allows  for  it.     R.  22. 

A  more  important  point  is  the  levelling  of  the  base;  Maupertuis  makes  no  reduction 
on  this  account :    we  shall   have  to  recur  to  it.     See  Art.  49. 

28.  Rosenberger  determines  what  he  considers  the  most  probable  values  of  the  angles 
of  the  triangles  according  to  a  method  proposed  by  Bessel.  After  making  the  necessary 
small  corrections,  Rosenberger  finally  obtains  for  the  length  of  the  arc  between  the  extreme 
stations  a  result   about  2*7  toises  less  than    that   of  Maupertuis.     M.  9^;   R*  ^6. 

We  may  consider  it  to  be  certain,  after  Rosenberger's  investigations,  that  the  geo- 
detical  data  supplied  by  Maupertuis  cannot  be  made  to  produce  a  result  sensibly  different 
from  that  which  Maupertuis  himself  obtained.  Indeed,  it  seems  to  me  that  this  conclusion 
might  have  been  taken  as  obvious  without  Rosenberger's  investigations,  when  we  consider 
the  various  calculations  made  by  Maupertuis  himself,  especially  that  on  his  Plate  viii., 
and  also  Outhier's  calculation. 

29.  The  astronomical  part  of  the  operation  is  however  by  far  the  most  imporUnt. 
Maupertuis  found  for  the  amplitude,  57'  26^-98  by    5  Draconis,  and  5/  80''-42  by  a  Draconis. 
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M.  124.  Rosenberger  finds  respectively,  sY  27"-60  and  57'  Sl"'S7.  Rosenberger  allows  for 
refraction,  and  he  uses  astronomical  corrections  which  differ  somewhat  from  those  of 
Maupertuis.  Both  Maupertuis  and  Rosenberger  allow  for  a  fault  in  the  sector  which  the 
artist  Graham  had  detected;  namely,  that  the  arc  was  3"75  too  short.    M.  104,  117;  O.  231. 

Thus,  taking  the  mean  of  the  two  results,  Maupertuis  made  the  amplitude  5/  28"*67 ; 
and  Rosenberger  sf  29''*74. 

It  seems  to  me  that  Rosenberger  ought  to  have  adopted  the  result  he  had  thus 
found ;  but  he  alters  it :   and  this  brings  us  to  a  very  troublesome  matter. 

30.  Maupertuis  records  some  observations  which  were  made  in  order  to  verify  the 
statement  of  Graham  that  the  sector  was  too  short.  He  selected  two  objects  which 
subtended  at  a  certain  point  an  angle  known  by  calculation  to  be  5^  29'  50" ;  and  he 
found  by  using  the  sector  horizontally,  in  a  way  which  he  explains,  that  the  observed 
angle,  allowing  for  GrakanC$  defect^  was  5^  29'  48"'95.  The  close  agreement  Maupertuis 
considers  to  shew  the  accuracy  of  the  instrument.     M.  117,  118. 

There  is,  however,  this  peculiarity,  namely,  that  in  describing  the  operation  Maupertuis 
says  that  the  angle  observed  was  found  plu9  grand.  Here  grand  must  be  a  mistake  for  petit. 
Rosenberger  detected  the  misprint  in  the  German  translation  of  Maupertuis,  and  ascertained 
that  it  occurred  also  in  the  original.  I  see  that  the  misprint  occurs  also  in  the  Latin  transla- 
tion and  in  page  457  of  the  Histaire  de  VAcadimie... for  17S7.  It  is  still  more  extraordinary 
to  find  the  same  error  in  Outhier;  he  says,  in  fact,  that  the  observed  angle  was 
5^  so'  7's,  where  he  ought  to  say  that  it  was  7"^;  &««  than  5^  SO'.  0.  2S1.  There  can 
be  no  doubt  that  it  is  a  misprint;  the  sector  indeed,  could  not  have  been  used  to 
measure  an  angle  greater  than  5^  S0^ 

According  to  Rosenberger  the  misprint  is  corrected  in  a  work  entitled  Degr4  du  M^ridien 
.  •  .  1740.  This  work  contains  an  account  of  some  operations  in  which  Maupertuis  was 
engaged  after  he  returned  from  Lapland :  I  have  not  seen  the  original,  but  in  a  German 
translation  which  I  have  the  misprint  is  corrected. 

The  occurrence  of  this  strange  misprint  in  the  accounts  both  of  Maupertuis  and  Outhier 
is  remarkable;  more  especially  as  Outhier's  work  appeared  ajier  the  correction  in  1740. 
I  may  state  that  Rosenberger  seems  not  aware  of  the  existence  of  Outhier^s  work. 

31.  We  have  however  to  continue  our  discussion  of  the  irregularity  in  the  zenith  sector. 
Maupertuis  found  by  trial  that  the  degree  of  the  sector  which  was  used  with  respect  to 

B  Draconis  was  0"*95  larger  than  the  degree  which  was  used  with  respect  to  a  Draconis ;  and 
he  observes,  that  in  consequence,  the  discrepancy  between  the  two  determinations  of  the 
amplitude  is  reduced  by  this  amount.  M.  70, 75, 118.  It  should  be  observed  that  one  out  of 
five  observers  differs  considerably  from  the  other  four  as  to  this  amount. 

Maupertuis  does  not  however  make  any  correction  of  his  amplitude  on  account  of  this 
irregularity ;  and  indeed  it  is  plain  that  no  correction  could  be  made  unless  more  information 
were  furnished.  For  suppose  it  to  be  certain  that  the  degree  used  with  respect  to  S  Draconis 
was  exact ;  then  the  degree  used  with  respect  to  a  Draconis  must  have  been  too  small,  and  the 
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amplitude  determined  from  a  Draconis  must  have  been  about  a  second  greater  than  it  ought  to 
have  been :  thus  the  mean  amplitude  formerly  obtained  ought  to  be  diminished  ]by  about 
half  a  second.  Suppose  however  it  to  be  certain  that  the  degree  used  with  respect  to 
a  Draconis  was  exact ;  then  the  degree  used  with  respect  to  S  Draconis  must  have  been  too 
large,  and  the  amplitude  determined  from  S  Draconis  must  have  been  about  a  second  less  than 
it  ought  to  have  been:  thus  the  mean  amplitude  formerly  obtained  ought  to  be  increased 
by  about  half  a  second. 

We  see  then  from  these  cases  that  the  correction  to  be  applied  to  the  amplitude  is  indeter- 
minate  without  further  information. 

32.  Rosenberger  in  fact  seeks  further  information  from  Maupertuis'^s  book,  and  arrives 
at  the  conclusion  that  the  degree  used  with  respect  to  a  Draconis  was  0"*928  too  large, 
and  that  the  degree  used  with  respect  to  S  Draconis  was  l"'878  too  large:  thus  on  the 
whole  the  mean  amplitude  formerly  obtained  is  to  be  increased  by  half  the  sum  of  these  two 
quantities,  and  so  it  becomes  57^  3l"'14. 

Finally  he  takes  a  mean  between  this  and  his  former  result,  and  thus  obtains  57'  S0"'44. 
I  venture  to  consider  the  whole  of  this  process  as  arbitrary  and  unjusti6able. 

33.  Let  us  first  examine  the  additional  information  which  Rosenberger  supposes  that  he 
obtains  from  Maupertuis's  book. 

The  sector  was  furnished  with  a  micrometer  screw.  Each  revolution  of  the  screw  was 
divided  into  44  parts:  and  each  revolution  of  the  screw  was  equivalent  to  43'  *8.  Perhaps 
we  may  infer  that  the  maker  intended  each  part  to  correspond  to  one  second,  and  that  he 
had  not  exactly  succeeded  in  his  design. 

34.  Now  Maupertuis  gives  a  table  of  the  results  obtained  in  verifying  the  intervals 
of  15'  on  the  arc  of  the  sector;  see  his  page  120.  This  table  records  the  number  of  turns  and 
parts  of  a  turn  for  successive  intervals  of  15'  as  found  by  the  French  observers  and  as 
stated  by  Graham.     The  following  is  an  extract  from  the  table : 


1^30' 

to   1^45' 

23-2 

235 

1^45* 

to  2^    0' 

238 

24*5 

2°    0' 

to  2^  15' 

23-4 

23-875 

2M5' 

to  2^30' 

23-1 

23-5 

2^80' 

to  2^45' 

23*6 

24-125 

This  signifies  that  for  the  interval  from  l**SO'to  1*^45' on  the  limb  of  the  sector,  besides  20 
complete  revolutions  of  the  screw  the  French  observers  found  23*2  parts,  while  Graham  had 
found  23*5  parts.    And  so  on. 

35.  Now  on  taking  the  mean  of  all  the  table  it  is  found  that  according  to  Graham  15 
minutes  correspond  to  20  revolutions  and  Q3'6s6  parts;  and  according  to  the  French  observers 
to  20  revolutions  and  23-354  parts.  The  mean  to  three  places  of  decimals  is  20  revolutions  and 
23*495  parts. 
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Rosenberger  however  puts  the  number  of  parts  in  the  French  mean  as  23-4  jnstead  of  23*354 
and  BO  obtains  23*518  instead  of  23*495.     But  the  difference  is  unimportant. 

Thus  according  to  Rosenberger  900  seconds  correspond  to  903*518  parts:  from  which  we 
obtain  o"  996i06  as  the  value  of  a  part 

36.  Now  according  to  the  table  we  have  as  the  mean  between  Graham  and  the  French 
observers  80  revolutions  95  parts  for  the  degree  of  the  limb  between  3°  15'  and  4^  15^;  that  is 
3615  parts.  But  from  Art.  S5  if  there  were  no  irregularity  we  ought  to  have  4  x  903*518 
parts,  that  is  3614072  parts.  Hence  there  is  an  excess  of  '928  of  a  part;  and  this  gives  about 
0"*924.  Rosenberger  says  o"*928;  so  that  he  takes  a  part  to  correspond  to  a  second.  There 
can  be  no  objection  to  this  identi6cation  of  a  part  with  a  second  here;  but  then  it  was  quite 
unnecessary  for  Rosenberger  to  give  the  value  of  a  part  in  seconds  to  six  places  of  decimals 
which  occurs  at  the  end  of  Art,  $5. 

37.  Having  thus  drawn  from  the  table  the  inference  that  the  degree  used  with  respect  to 
a  Draconis  was  (/''928  too  large,  Rosenberger  does  not  consult  the  table  again  to  ascertain  the 
state  of  the  degree  used  with  respect  to  j  Draconis,  but  says  that  this  degree  was  l''*878  too 
great;  he  must  therefore  have  added  to  his  o"-928  the  o"'95  which  was  mentioned  in  Art.  31. 

But  let  us  refer  to  the  table;  the  part  which  we  require  is  given  in  Art.  34.  Assume 
that  for  the  interval  between  1°  sY  80"  and  1^  45'  we  have  half  the  results  given  in  the 
table  for  the  interval  between  1^  30"  and  1^  45';  and  make  a  similar  assumption  with 
respect  to  the  interval  between  2®  30'  and  2®  37'  30''.  We  shall  then  have  for  the  degree 
between  1®  37^  30"  and  9^  37'  30'\  according  to  Graham,  80  revolutions  95*6875  parts,  and 
according  to  the  French  observers  80  revolutions  93*7  parts;  the  mean  is  80  revolutions 
94*69375  parts,  which  is  less  than  the  80  revolutions  95  parts  obtained  for  the  degree 
between  3«  15'  and  4'  15'. 

38.  I  conclude  that  the  table  is  not  to  be  held  as  accurate  to  the  degree  necessary 
for  the  use  to  which  Rosenberger  applies  it.  The  table  indeed  is  not  thoroughly  con- 
sistent with  the  statement  made  in  Art.  31;  and  Rosenberger  has  made  an  arbitrary 
selection  of  the  part  of  the  table  to  which  he  trusts.  Probably  the  French  observers  considered 
that  the  statement  made  in  Art.  31  was  very  accurately  established,  but  that  the  statements 
involved  in  the  table  were  less  certain.  In  fact,  according  to  the  table  the  French 
observers  made  the  degree  of  the  sector  between  3®  and  4fl  almost  3"  longer  than  the 
degree  between  4fi  and  5®,  and  we  should  naturally  expect  that  they  would  have  drawn 
attention  to  this  circumstance  if  they  had  considered  it  to  be  really  established  by  their 
observations. 

93.  I  maintain  therefore  that  Rosenberger  was  not  justified  in  taking  5Y  3r'*14 
as  the  amplitude  when  allowance  is  made  for  the  irregularity  of  the  sector,  because  we 
have  not  the  necessary  trustworthy  information  as  to  this  irregularity. 

If  however  the  information  had  been  trustworthy  he  should  have  maintained  this 
value,  and  not  have  taken  a  mean  between  this  and  the  value  obtained  on  the  suppo- 
VoL.  XII.  Pabt  I.  2 
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ntion  that  the.  sector  was  free  from  irregularity.  Of  course  if  there  had  been  other 
observers  equal  in  credit  to  GrJEtham  and  the  French  observers,  and  they  gave  as  the 
result  of  observation  that  the  sector  was  quite  regular,  there  would  have  been  a  ground 
for  taking  the  mean;  but  in  the  absence  of  such  evidence  I  see  no  possible  reason 
for  it. 

Thus  I  should  take  57'  ^9"'!^  for  the  amplitude  as  deduced  from  the  observations 
of  Maupertuis.  This  allows  for  the  refraction  and  depends  on  astronomical  corrections 
which  are  doubtless  more  accurate  than  those  used  by  Maupertuis.  At  the  same  time 
it  is  quite  obvious  that  whether  from  irregularity  in  the  graduations,  or  inequality  in 
the  screw,  an  error  of  a  second   was  very  likely   to  occur   in    using   the   sector. 

40.  Something  remains  to  be  said  as  to  the  table  on  page  120  of  Maupertuis^s 
work   which   has  already   engaged   so  much   of  our   attention. 

The  mean  of  the  French  observations  is,  as  we  have  stated,  20  revolutions  23*354 
parts.  Bosenberger  takes  the  number  of  parts  as  23*4,  while  Maupertuis  himself  takes 
it  as  23-3.  The  table  is  reprinted  in  the  Degri  du  MMdien  entre  Paris  et  Amiens... 
1740.  I  have  not  seen  this  work,  but  only  a  German  translation  of  it.  In  this  trans- 
lation the  entry  of  the  French  observers  opposite  to  the  interval  between  4°  15'  and 
4°  3(/  is  23*9  parts  instead  of  22*9  parts.  I  do  not  know  whether  this  is  a  correction  or 
a   misprint.     If  we  take  23*9   parts  the  mean   becomes  exactly  20  revolutions  23*4  parts. 

41.  It  may  be  observed  that  Outhier  throws  no  light  on  the  matter  which  we  have 
discussed  in  Arts.  37... 40;  he  merely  says  that  the  divisions  from  degree  to  degree  were 
verified   by  observations.     O.  231. 

42.  Perhaps  it  will  appear  that  I  have  given  too  much  consideration  to  a  point 
which  does  not  affect  the  amplitude  by  much  more  than  a  second.  My  reply  is  that 
every  second  is  important  in  the  correct  evaluation  of  the  amplitude,  if  it  can  be  really 
shewn  that  such  an  increase  or  diminution  ought  to  be  made.  But  I  am  principally  desirous 
of  drawing  attention  to  the  process  as  an  example  of  what  appears  to  me  to  be  not 
unfrequently  occurring  in  science,  namely  the  attempt  to  extract  trustworthy  results 
from   inadequate  data  by   taking  means. 

I  am  of  course  aware  that  I  shall  seem  presumptuous  in  putting  my  own  opinion 
or  arguments  in  opposition  to  such  an  eminent  authority  as  Bosenberger,  but  that  is  a 
risk  which  I  have  to  encounter  repeatedly  in  the  course  of  this  memoir. 

43.  We  must  now  pass  from  the  French  to  the  Swedish  measure  of  the  arc  of  the 
meridian  in  Lapland. 

In  1799  on  the  recommendation  of  Melanderhjelm  the  Academy  of  Sciences  at  Stock- 
holm was  led  to  consider  the  advantage  of  a  remeasurement  of  the  arc  of  the  meridian 
in  Lapland,  and  Svanberg,  who  was  born  in  the  vicinity  of  Tornea,  made  a  preliminary 
survey.  It  was  resolved  to  undertake  the  work,  and  Ofverbom  and  Svanberg  spent  the 
time  from   April  to  October   of  the  year   1801  in  choosing  stations  and    erecting   signals 
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and  observatories  as  a  preparation  for  the  final  voyage  in  which  the  measurement  was  to 
be  effected.  See  the  preface  by  Melanderhjelm  to  Svanberg's  book.  Lalande  in  1801 
used  these  words — *<et  nous  aurons,  en  1803,  la  solution  de  cette  ancienne  difficulte.'' 
Bibliographie  Astronomique,  p.  857* 

It  may  be  stated  in  general  terms  that  while  Svanberg  obtained  a  decidedly  shorter 
length  for  a  degree  of  the  meridian  than  that  of  Maupertuis,  yet  the  difficulty  can 
hardly   be  said  to  be  solved. 

44.  The  measurement  of  the  base  occupied  from  February  22  to  April  11  of  the 
year  1802.  Svanberg  adds,  with  a  laxity  of  expression  of  which  this  is  not  the  only 
example,  that  this  work  continued  during  two  entire  months.  S.  xix.  The  geodetical 
angles  were  observed  in  June,  July  and  August  of  the  year.  The  observations  of 
the  pole-star  to  determine  the  latitudes  were  made  at  Mallorn,  the  southern  extremity 
of  the  arc,  in  October,  and  at  Pahtavara,  the  northern  extremity,  in  December.     S.  141,  152. 

45.  All  the  angles,  both  geodetical  and  astronomical,  were  observed  with  the  same 
instrument,  which  was  a  Borda's  repeating  circle  that  had  been  constructed  by  Lenoir 
at  Paris  upder  the  eyes  of  Delambre.  S.  xviii.  Svanberg  does  not  record  the  dimen- 
sions  of  this  instrument. 

The  base  was  measured  by  iron  bars  about  six  metres  long ;  the  lengths  of  these  were 
adjusted  by  the  aid  of  an  iron  bar  two  metres  long,  which  was  prepared  at  Paris  by 
Lenoir,  and  the  length  of  which  was  verified  by  Mechain  and  Delambre.  This  double 
metre  was  presented  to  the  Swedish  party  by  the  French  Academy,  together  with  a  copy 
of  the  toise  of  Peru.      S.  1,  2. 

46.  Svanberg  himself  records  his  observations  and  his  results  in  centesimal  degrees, 
minutes,  and  seconds;  but  unless  the  contrary  is  stated  or  obviously  implied  I  shall 
always  use  the  sexagesimal   scale. 

47.  Svanberg  extended  the  arc  of  the  meridian  which  the  French  had  surveyed,  a 
little  more  than  a  third  of  a  degree  towards  the  north,  and  a  little  less  than  a  third 
of  a  degree  towards  the  south.  The  two  extreme  stations  of  the  French  arc  were  nearly 
on  the  same  meridian ;  Svanberg's  extreme  stations  were  both  decidedly  to  the  west  of  the 
meridian.     See  Svanberg's  diagram  of  triangles. 

Rosenberger  says  that  the  ends  of  Svanberg^s  arc  are  more  than  20'  from  those  of 
the  French  arc ;  with  respect  to  the  southern  ends  this  must  mean  not  more  than  20' 
of  latitude,  but  more  than   20'  on  a  great  circle  passing  through  the  two  southern  ends. 

48.  Svanberg  chose  the  same  locality  for  his  base  as  Maupertuis ;  but  unfortunately 
the  bases  did  not  exactly  coincide.  Svanberg  admits  that  at  the  North  end  he  did  not 
discover  the  precise  point  at  which  the  French  base  terminated ;  he  states  that  at  the 
South  end  he  did  discover  the  marks  left  by  the  French.  S.  19,  20.  But  from  a  com- 
parison  of  the  diagrams  given  by  Svanberg  and  by  Outhier  it  is  clear  that  the  French 
and  Swedish  bases  did  not   terminate  precisely  at  the  same  point  even  at  the  South  end. 

2—2 
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See  S.  figure  26;  O.  217;  D.  469*  As  Delambre  observes,  it  is  to  be  regretted  that  the 
Swedish  astronomers  bad  no  knowledge  of  Outhier^s  book,  which  would  have  guided  them 
in  their  search  and  perhaps  enabled  them  to  discover  the  exact  positions  of  the  extremities 
of  the  French  base. 

49.     There  is  another  difiiculty  which  arises  in  the  comparison  of  the  bases. 

The  French  accoun'ts  leave  the  impression  that,  except  at  the  descent  from  the  land 
to  the  ice,  the  base  was  level;  while  on  the  other  hand  Svanberg  speaks  of  a  little 
mountain  at  the  South  end.  O.  138;  S.  17.  Rosenberger  finds  that  the  South  end  of 
Svanberg^s  base  was  8*4  toises  above  the  North  end.  Rosenberger  also  speaks  of  a  hill 
more  than  50  feet  high.    R.  20. 

I  may  observe  that  Rosenberger  does  not  refer  to  Svanberg's  own  book,  but  to  the 
account  of  it  given  in  Zach^s  Monatliche  Correspandenx.  It  seems  to  me  that  the  writer 
of  this  account  has  fallen  into  one  very  serious  error,  and  drawn  Rosenberger  after  him; 
namely,  the  error  of  supposing  that  considerable  cataracts  occur  in  that  part  of  the  river 
Tornea  over  which  the  French  base  was  measured.  Monat,  Corresp.  xii.  430.  What 
Svanberg  himself  says  is,  that  the  river  Tornea  has  very  considerable  cataracts  entre  NiemUby 
et  la  vilU:  here  la  mile  means  Tornea,  and  Niemisby  is  at  the  South  end  of  the  base. 
Also  the  maps  given  by  Maupertuis  and  Outhier  mark  several  cataracts  at  various  points 
of  the  stream ;  but  none  between  the  extremities  of  the  base.  Thus,  in  fact,  these 
cataracts  do  not  exercise  any  influence  on  the  length  of  the  base;  although,  of  course, 
they  supply  information  which  may  be  useful  when  the  length  of  the  whole  arc  has  to 
be  reduced  to  the  level  of  the  sea.  In  Svanberg's  first  journey,  although  he  noticed 
that  the  river  had  a  decided  slope  in  the  neighbourhood  of  the  French  base,  yet  he  says 
nothing  about  cataracts.  Zach's  Monatliche  Correspandenxy  Vol.  i.  page  142.  Delambre 
draws  attention  to  the  fact  that  the  French  observers  make  no  reference  to  the  inequalities 
in  level  of  the  base,  and  to  the  reductions  which  would  thus  be  necessary,     D.  469. 

50.  According  to  Svanberg  his  base  required  to  be  diminished  by  about  1*41  toises, 
for  error  of  level.  S.  21 ;  D.  469.  Delambre  proposes  to  diminish  Maupertuis's  base  by 
-7  of  a  toise  on  this  account.  D.  471.  I  do  not  know  how  he  obtains  this  *7  of  a  toise. 
Can  it  be  possible  that,  since  Maupertuis  himself  made  no  correction,  while  Svanberg 
made  a  correction  of  about    r4  toises,  Delambre  took   *7  of  a  toise  as  a  mean? 

Rosenberger  adopts  what  seems  to  me  the  most  reasonable  course,  of  leaving  Maupertuis^s 
result  unchanged  on  this  account. 

51.  The  length  of  Svanberg^s  base,  reduced  to  the  level  of  the  sea,  is  7414*4919 
toises  of  Peru ;  but  there  is  a  little  uncertainty  as  to  whether  the  proper  allowance  was 
made  for  temperature.     S.  21,  191 ;  A.  210. 

Maupertuis^s  base  was  7406  toises  5  feet  2  inches. 

But,  as  the  two  bases  did  not  quite  coincide,  no  inference  can  be  drawn  from  these 
figures  as  to  the  accuracy  of  the  measurements.  We  must,  therefore,  make  some  com* 
parison  of  the  results  deduced  from  the  base  lines. 
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52.  Svanberg  records  the  angles  which  he  observed,  and  the  lengths  which  were 
deduced  by  calculation,  but  he  does  not  give  a  table  of  the  triangles  which  were  em- 
ployed  in  these  calculations.  It  is  to  be  regretted,  as  Delambre  says,  that  Svanberg 
deviated  from  the  received  custom  in  this  matter.  In  the  Monat.  Corresp.  Vol.  xii. 
Svanberg's  deficiencies  are  usefully  supplied. 

53.  Svanberg  says  that  the  choice  of  the  French  stations  was  found  to  be  very  good. 
But  it  may  be  presumed  that  he  could  hardly  be  certain  of  the  ewact  positions  of  any 
of  the  French  stations  except  Tornea;  and  this  must  be  borne  in  mind  in  the  comparison 
of  results.  On  this  important  point  Svanberg  is  silent,  as  on  many  others:  Delambre 
adverts  to  it.     D.  471,  472. 

54.  The  following  table  of  results  shews  that  there  is  a  close  agreement  as  to  the 
values  of  the  lengths  calculated  from  the  two  bases.  Maupertuis  does  not  give  the 
figures,  so  that  they  are  taken  from  Outhier's  book.  It  must  be  observed  that  Outhier 
did    not  reduce  his  triangles  to  the  horizon. 

The  distances  are  in  toi8es.p  The  letters  have  the  following  meanings:  Q  stands  for 
Kittis,  P  for  PuUingi,  N  for  Niemi,  H  for  Horrilakero,  A  for  Avasaxa,  E  for  Eakama, 
C  for  Cuitaperi,  b  for  the  North  end  of  the  base,  B  for  the  South  end,  T  for  the 
church  at  Tornea. 

It  will  be  remembered  that  b  and  B  do  not  denote  the  same  points  in  the  two 
surveys;    and  indeed  we  cannot  be  sure  that  any  letter  does  except  T. 

S.  O. 

QP 10672-8  ...  10676-0 

QN 13549-1  ...  1S560-0 

PN 8757-6  ..•  8768-8 

PH 11522-9  ...  11558-5 

PA  14271-0  ...  14277-S 

NH 7028-4  ...  7029*0 

NK 25047-2  ...  25058-5 

HA 7447-9  ...  7451-6 

HC 18896-1  ...  18402-0 

HK 19066-5  ...  19078-0 

Ab  1186-0  ...  1207-8 

AB 7289-7  ...  7242-8 

AC 8656-9  ,..  8660*0 

CK 11406-8  ...  11411-5 

KT 16688-5  ...  16695-0 

55.  The  preceding  Table  contains  all  the  lengths  which  are  common  to  Svanberg 
and  Outhier.  I  have>  given  them  in  the  order  in  which  they  occur  in  Svanberg's  pages 
99,  100. 
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Delarabre  gives  such  a  comparison  on  his  page  471 ;  there  are,  however,  some  points 
to  be  noticed. 

He  omits  CE  and  ET. 

His  table  is  arranged  in  a  different  order  ;  the  last  entr j  in  it  is  NQ :  and  here  he 
has  an  important  misprint  in  Svanberg's  value. 

He  says  that  in  general  the  sides  in  Svanberg's  series  are  too  short ;  as  this  is  the 
case  with  all  the  sides  it  is  difficult  to  see  the  meaning  of  the  words  in  general. 

His  table  is  separated  into  two  parts  by  a  line  across  the  page:  I  do  not  see  the 
meaning  of  this. 

56.  The  whole  length  of  the  arc  of  the  meridian  which  the  French  surveyed  is 
according  to  Svanberg  54919*25  toises;  while  according  to  M&upertuis  it  is  54945*95  toises. 
S.   171. 

Svanberg  says  that  by  taking  the  mean  of  the  different  results  recorded  by  Maupertuis 
we  get  54Q25'63  toises,  which  differs  by  only  6*38  toises  from  Svanberg's  own  result;  and 
5'355  toises  of  the  difference  can  be  attributed  to  the  circumstance  that  Maupertuis'^s  base 
was  not  levelled.  This  statement  about  the  5'S55  toises  is  one  of  the  many  things  in 
Svanberg*s  book  which  are  not  sufficiently  explained.  Svanberg  himself  diminished  his 
base  by  about  1*41  toises  for  error  of  level :  see  Art.  50,  This  would  correspond  to  about 
11  toises  for  the  whole  length  of  the  arc.  D.  469.  Can  it  be  possible  that  Svanberg 
takes  a  mean  between  the  zero  which  corresponds  to  the  absence  of  any  correction  in 
Maupertuis's  own  process  and  the   11  toises  which  correspond  to  his  own  correction? 

Rosenberger  adverts  to  the  difficulty.     R.  20. 

It  is  plain  that  there  is  a  good  general  agreement  between  the  geodetical  parts  of  the 
two  surveys.  The  French  did  not  measure  any  base  of  verification:  and  indeed,  owing 
to  the  shortness  of  the   arc  surveyed,  it   was   not  necessary  to  do  so. 

Svanberg  in  his  book  does  not  mention  any  base  of  veri6cation;  but  we  learn  from 
another  source  that  such  a  base,  though  smaller  than  the  first,  was  measured  with  wooden 
measuring  rods,  and  that  it  agreed  perfectly  with  the  first.  See  Zach's  Monatliche  Cor^ 
respondenz.  Vol.  vii.,  page  564. 

Delambre  gives  the  .preference  to  the  Swedish  operations:  see  his  page  474.  He  asserts, 
as  I  understand  him,  that  in  the  French  operations  the  difference  between  the  sums  of 
the  angles  of  a  triangle  and  180**  ranged  from  18''  to  40":  but  according  to  the  numbers 
supplied  by  Maupertuis,  the  greatest  error  of  this  kind  is  29^'*4;  and  according  to  the 
numbers  supplied  by  Outhier,  it  is  3l^\  M.  87...90;  O.  221.  On  the  other  hand,  Delambre 
once  expressed  a  different  opinion  as  to  the  relative  merits  of  the  two  surveys.  For  it  is 
asserted  by  Zach,  on  the  authority  of  Lalande,  that  Delambre  wrote  a  long  letter  to 
Melanderhjelm  full  of  objections  to  Svanberg'^s  measure.  It  seemed  to  Delambre  impos- 
sible that  the  French  Academicians  could  have  made  an  error  of  12'^  in  their  amplitude; 
and  he  did  not  admit  as  certain  the  superiority  of  the  small  repeating  circle  which  he 
had  himself  used.     See  Zach's  Monatliche  Oorrespcndenx^  Vol.  viii.,  page  446. 
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57.     But  we  will  turn  to  the  most  important  subject;    namely,  the  amplitude. 
Delambre  says,  on  his  page  477: 

Prenons  de  meme  dans  la  table  de  M.  Svanberg  la  latitude  de  Eittis   •••      74*2324245 
Celle  de  Tornea  fetant  ...  ...  .  .  ...  ...      73-1648380 

La  difference  en  degres  centesimaux  sera  ...  ...  ...  1*0675865 

en  degrfes  sexagesimaux        ...  ...  ...  ...  0**  57'  S9"'01 

Suivant  Maupertuis,  par  a  du  Dragon     ...  ...  ...  ...  57'  S0"-35 

par  S                         ...  ...  ...  ...  5/  26"-9 ' 

d'ou  resulte  une  erreur  de  10  k  ll''  dans  Tare  de  1736,  k  moins  qu'on  ne  dise  que  le  nou- 
veau  signal  de  Eittis  6tait  dans  une  position  tr^s-differente  de  I'ancien,  ce  qui  ne  parait 
guferes  probable  d'apr^s  Pare  terrestre  et   toutes  les  comparaisons  rapportees  ci-dessus.  ... 

In  the  latitude  of  Tornea  the  last  figure  should  be  3  instead  of  0 ;  but  this  is  of 
no  consequence.      However,  the  result  at  which  Delambre  arrives  requires  consideration. 

In  the  first  place  the  latitude  above  assigned  for  Tornea  is  that  of  the  spire  of  the 
church  of  Tornea;  now  the  French  observatory  at  Tornea  was  more  than  73  toises  to  the 
south  of  this.  M.  92;  S.  17L  Hence,  as  Svanberg  calculates,  the  latitude  of  the  French 
observatory  was  73*1634058;  and  so  the  amplitude  becomes,  according  to  Svanberg,  1 '0690187; 
and  this  in  sexagesimal  notation  is  57'  4<3"*62.  In  the  second  place,  as  to  the  French 
amplitude.  Delambre  quotes  indeed  results  obtained  by  Maupertuis,  but  not  the  results 
which  Maupertuis  himself  adopted,  and  which  in  fact  involved  corrections  for  what  we  now 
call  nutation.  M.  122,  123.  Maupertuis  himself  estimated  the  amplitude  at  5/  28^' '67.  Thus 
the  difference  between  the  French  and  Swedish  amplitudes  is  almost  15^^,  and  not  lO'^  or 
11"  as  Delambre  says. 

Delambre  having  to  compare  the  French  and  Swedish  amplitudes,  as  we  see,  quoted 
neither  of  them  correctly. 

If  we  adopt  Hosenberger's  value  57'  S0"*44  for  the  amplitude,  the  difference  is  rather 
more  than  13";  if  we  adopt  Rosenberger's  more  trustworthy  value  57'  29"'74,  the  difference 
is  nearly  14". 

58.  We  may  observe  that  there  are  three  points  at  Tornea  which  have  to  be  care^ 
fully  distinguished :  the  church  of  the  town  of  Tornea,  another  church  called  the  Finnish 
church,  and  the  French  observatory.  The  French  made  no  use  of  the  Finnish  church 
for  their  triangles,  so  that  in  reading  Maupertuis  and  Outhier  we  have  only  to  distin- 
guish between  the  church  of  the  town  and  the  French  observatory.  Svanberg  made  use 
of  the  Finnish  church.    M.  31 ;  0.53;  S.  42;  D.  467. 

59.  But  we  have  by  no  means  finished  the  subject  of  the  amplitudes.  Such  strange 
errors  have  been  made  by  distinguished  astronomers  that  it  is  necessary  to  be  very  par- 
ticular as  to  the  facts. 

Svanberg   determined   by    observcUUm   with   his   repeating   circle   the   latitudes   of  his 
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extreme  stations   Mallorn  and  Pahtavara;  be  determined  by  calculaiion  the   latitudes    of 
his  intermediate  stations.    S.  170,  171. 

Maupertuis  determined  by  observation  with  his  zenith  sector  the  difference  of  latitude 
of  Tornea  and  Eittis. 

60.  Maupertuis  however  did  make  observations  to  determine  the  latitude  of  Tornea, 
some  with  a  quadrant  of  three  feet  radius,  and  some  with  a  quadrant  of  two  feet  radius. 
From  the  former  Maupertuis  obtained  65^  50'  50"  for  the  latitude,  and  from  the  latter 
65^  50'  51".  It  was  necessary  for  Maupertuis  to  know  approximately  the  latitude  of  one 
of  his  stations  in  order  to  determine  the  situation  of  the  degree  of  the  meridian  of 
which  he  had  found  the  length,  but  an  approximate  latitude  was  sufficient.  But  whether 
the  latitude  which  he  adopted  was  exact  or  only  approximate  is  a  matter  of  no  interest 
to.  us  at  this  point,  because  it  has  no  influence  whatever  on  the  amplitude  of  the  French 
arc;  this  amplitude  we  know  rests  on  differential  observations  made  with  the  zenith 
sector. 

But  it  may  be  observed  that  from  the  nature  of  the  instruments  employed  we 
cannot  give  much  confidence  to  Maupertuis's  determination  of  the  latitude  of  Tornea. 
Indeed  the  recorded  observations  themselves  warn  us  of  their  character;  as  Maupertuis 
himself  says,  they  give  distances  of  Polaris  from  the  pole  which  differ  by  as  much  as 
I4f'\  See  M.  138.  The  observations  were  criticised  at  an  early  period.  See  Article  8 
of  the  preface  to  the  Latin  translation  of  Maupertuis^s  work. 

Outhier  records  the  latitude  as  65^  50'  50"  for  the  observatory,  65^  50*  54f^'  for  the 
church,    and  says   that   Belberg   had  found  6SF^  45'   in    1695.     See  O.  S33. 

According  to  the  Russian  survey  the  latitude  of  Tornea  is  65^  49'  44"'7.  See  Ordnance 
Survey... Principal  ^Triangulation... page  752.  I  do  not  know  at  present  what  point  in 
Tornea  is  taken,  as  Struve  s  great  work  on  the  Russian  survey  is  not  in  the  University 
Library.  This  differs  much  from  Maupertuis's  value,  which  is  of  small  importance  as 
regards  the  French  survey,  but  of  great  importance  as  regards  the  Swedish  survey. 

61.  I  repeat  for  the  sake  of  distinctness  that  the  amplitude  of  the  French  arc  is 
in  no  way  connected  with  the  IcUitude  which  Maupertuis  assigned  to   Tornea. 

62.  Now  Svanberg,  as  we  have  said  in  Art.  57,  found  for  the  latitude  of  the 
French  observatory  at  Tornea  731634058,  which  is  equivalent  to  66^  50'  49"'435 ;  then 
he  adds:  ce  qui  est  pr^cisement  celle  qui  resulte  des  observations  faites  au  commence- 
ment du  Janvier  Pan  1737;  de  sorte  que  dans  cet  element  nous  ne  differons  point  du 
tout  des  determinations  anciennes.     S.  171. 

It  is  obvious  that  the  word  prddsiment  is  improper  here;  the  difference  between 
Svanberg's  result  and  the  mean  of  Maupertuis^s  results  is  a  trifle  more  than  a  second,  and 
every  second  is  of  importance  here.  It  is  absurd  to  pretend  to  be  accurate  to  a 
thousandth  part  of  a  centesimal  second,  and  then  to  reject  more  than  a  sexagesimal 
second.     Rosenberger  by  taking  a  stricter  mean  of  Maupertuis^s  results  and  using  other 
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corrections  for  refraction  makes  the  difference  between  Maupertuis    and   Svanberg   to  be 
2"-4.      See  R.  26. 

It  is  a  grave  fault  in  Svanberg  to  appeal  to  the  rough  determination  of  the  latitude 
made  by  Maupertuis,  which  was  comparatively  unimportant  in  the  French  survey,  as 
affording  any  real  corroboration  of  the  Swedish  astronomical  observations.  It  is  curious 
that  although  Svanberg  goes  on  to  shew  that  the  difference  in  toises  between  the  French 
value  and  his  own  of  the  common  arc  is  smalU  he  makes  no  reference  here  to  the  great 
difference  of  amplitude.  He  avows  however  in  his  introduction  his  astonishment  at  the 
difference  in  the  two  operations.     S,  xxv. 

63.  Svanberg  then  goes  so  far  as  to  consider  that  he  and  Maupertuis  agree  in  one 
important  element,  namely  the  latitude  of  Tornea.  Let  us  now  see  how  Delambre  states 
the  matter: 

^'Calculant  d'apres  sa  formule  la  difference  des  parallfeles  entre  Mallorn  et  tous  les 
signaux,  et  I'^glise  de  Tornea  en  particulier,  il  arrive  k  ce  r&ultat  remarquable,  que  la 
latitude  de  cette  ^glise  se  trouve  pr^cisdment  la  m6me  qu'^en  1736.  Nous  avons  d4jk  vu 
que  Terreur  ne  tient  pas  k  Tare  terrestre,  tout  le  mal  viendrait  done  des  observations  faites 
k  Kittis.*" 

Thus  Delambre  adopts  what  was  objectionable  in  Svanberg,  and  adds  to  it  the  fatal 
suggestion   that   the  discrepancy  between  the  French  and  Swedish   results  arose  at  Eittis. 

64.  In  a  note  Delambre  remarks  that  Maupertuis's  observations  of  the  latitude  at 
Tornea  were  not  made  with  the  zenith  sector;  and  that  they  were  really  unsatisfactory; 
but   Delambre  omits  what  is  the  essence  of  the  matter,  namely  the  fact  stated  in  Art.  6l. 

The  note  is  important  on  other  grounds.  Delambre  had  in  his  hands  a  manuscript 
by  Le  Monnier.  This  manuscript  contains  some  observations  not  to  be  found  in  Mau- 
pertuis's  book.  Delambre  says:  ^^Parmi  ces  observations  de  la  polaire,  j'en  ai  trouv^  qui 
donnent  57'  Sff'  pour  I'amplitude  k  s"  pres,  comme  elle  r^sulte  des  observations  nouvelles 
[but  see  Art.  5?] ;  et  ce  sont  elles  qui  ont  d^id^  les  acaddmiciens  fran9ais»  en  mars 
17S7,  k  verifier  leur  amplitude  par  a  du  dragon."  This  passage  seems  to  shew  what  we 
should  have  thought  impossible,  that  some  attempt  was  made  to  determine  the  amplitude 
by  the  rude  observations  with  the  quadrants.  Also  we  are  furnished  with  a  fourth 
reason  quite  distinct  from  the  three  which  have  been  already  assigned  for  the  re-deter- 
mination of  the  amplitude ;  and  all  four  reasons  rest  on  contemporary  authority.  See 
Art.  2K 

65.  The  error  of  Delambre  has  been  reproduced  with  greater  distinctness.  We 
read: 

**The  geodetic  measures,  as  far  as  they  went  together,  agree  very  well;  the 
latitude  of  Tornea,  as  determined  by  Maupertuis,  agrees  perfectly  well  with  the 
observations  of  Svanberg;  the  latitude  of  Eittis  was  not  observed  by  Svanberg. 
It  is  much,  very  much,  to  be  regretted  that  the  Swedish  astronomer  did  not  repeat 
the  observations  at  the  only  place  where  an  important  error  could  be  feared."  A.  173. 
Vol.  XII.  Pabt  I.  3 
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Here  besides  the  mistake  of  supposing  that  Maupertuis's  latitude  of  Tornea  is 
connected  with  his  amplitude,  we  have  the  distinct  statement  that  the  only  error  to  be 
feared  was  at  Eittis.  Moreover  it  is  implied  that  Svanberg  observed  the  latitude  at 
Tornea,  but  not  at  Eittis:  whereas  he  observed  neither^  but  determined  both  in  the 
same  way  by  calculations  from  the  observed  latitudes  of  his  extreme  stations. 

66.  Of  course  the  practical  consequences  of  the  errors  which  we  have  pointed  out 
in  Arts.  63  and  65  might  have  been  very  serious.  Any  person  who  wished  to  settle 
the  difference  between  the  French  and  the  Swedish  surveys,  would  naturally  rely  on 
the  authority  of  the  eminent  astronomers  we  have  quoted;  and  so  would  conclude  that 
all  he  had  to  do  was  to  observe  carefully  the  latitude  of  Eittis.  The  fact  is  that  in 
order  to  confirm  or  correct  Maupertuis  the  latitudes  both  of  Tornea  and  of  Eittis 
must  be  determined  carefully,  or  rather  the  difference  between  the  two  latitudes.  It  is 
to  be  regretted  that  Svanberg  did  not  carefully  observe  these  latitudes;  in  fact  he 
should  have  given  his  main  attention  to  verifying  the  French  arc  rather  than  to 
extending  it. 

67.  Of  course  the  great  difference  in  the  amplitude  of  the  common  arc  leads  to 
a  corresponding  great  difference  in  the  length  of  a  degree  of  the  meridian.  According 
to  Maupertuis  the  length  of  a  degree  of  the  meridian  bisected  by  the  Arctic  circle  is 
574S7'9  toises.  According  to  Svanberg  the  length  of  a  degree  of  the  meridian  which 
has  its  middle  point  in  latitude  66f^  20'  10''*047>  which  is  at  the  middle  point  of  his  arc 
of  the  meridian,  is  57196*159  toises.  S.  192.  It  is  curious  that  the  amount  of  the 
difference  should  be  something  like  the  1133  feet  which  was  the  excess  of  La  Cuille's 
degree  at  the  Cape  of  Good  Hope  above  the  recent  determination  by  Sir  Thomas 
Maclear.    Proceedings  of  the  Boyal  Society j  xviii.   110. 

68.  We  may  briefly  advert  to  some  opinions  which  have  been  held  as  to  the 
measurements  of  the  degree  of  the  meridian   in   Lapland. 

Laplace  when  the  second  volume  of  the  Mieaniqtie  Celeste  was  published  had  only 
the  French  measure  which  he  employed;  taking  a  mean  between  the  several  series  of 
triangles  and   correcting  for   the  refraction. 

Voiron  says  cautiously  ^'Les  r^sultats  des  demiferes  operations  faites  en  Laponie 
paroissent  obtenir  la  preference  sur  oeux  de  1736/'  Histoire  de  F Astronomies  1810, 
page  292. 

Rosenberger  in  1827  maintained  the  trustworthiness  of  the   French    survey. 

In  the  article  in  the  EncycloptBdia  Metropolitana  which  is  dated  1830  an  agreement 
with  Rosenberger  is  expressed.  A.  206,  210.  Both  the  French  and  the  Sweldish  results 
are  used  in  determining  the   Figure  of  the  Earth.     A.  218. 

Rothman  in  his  History  of  Astronomy  also  follows  Rosenberger;  see  page  94  of 
this  History.  Perhaps  Rothman  yielded  to  the  authority  of  the  Encyclopcedia  Metro^ 
politanay  to  which  he  refers  in  his  page  108. 
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In  1852  Bowditch  in  the  notes  to  his  translation  of  the  second  volume  of  the 
M^canique  Cik9t0  adopts  the  Swedish  result. 

In  1853  Narrien  is  perhaps  in  favour  of  the  Swedish  result.  He  speaks  of  Tornea 
as  a  city;  it  consisted  of  70  wooden  houses  according  to  Outhier.  Narrien's  History 
of  Astronomy^   479;    O.  119. 

Bessel  in  1857  and  1841  in  determining  the  Figure  of  the  Earth  employed  the 
Swedish  result  and  not  the  French,  without  any  remark  on  the  subject:  Jstronomische 
NachrichteUy  numbers  555  and  458.  Thus  it  seems  that  Rosenberger^s  advocacy  of  the 
French  operations  had  not  convinced  his  distinguished  master. 

Biot  in  1845  seems  to  accept  Svanberg^s  result  as  a  matter  of  course.  Jatronomie 
Physique^  in.  181. 

69.  It  is  not  easy  to  suggest  any  explanation  of  the  discrepancy  between  the 
French  and  the  Swedish  results.  Before  the  Swedish  expedition  had  been  arranged, 
the  opinion  might  have  been  held  that  the  mountainous  nature  of  the  ground  had 
caused  a  deviation  of  the  plumb-line  of  the  French  sector.  But  Svanberg  came  to 
the  conclusion  that  this  was  not  the  case;  and  that  the  attraction  of  the  whole  moun- 
tain chain  could  scarcely  have  caused  a  deviation  of  half  a  second.  See  Lalande^s 
Bibliographie  Jstronomiquef  811.  Zach's  Monatliche  Correspondenz,  xii.  424,  and  the 
preface  by   Melanderhjelm  to  Svanberg's  work. 

Svanberg,  as  usual  omitting  the  most  important  matters,  tells  us  nothing  about  his 
extreme  stations:  and  he  gives  no  map.  Delambre  thinks  that  the  south  points  of 
Svanberg's  arc  are  in  the  islands  of  the  Gulf  of  Bothnia.  D.  467.  /  It  is  of  course 
possible  that  the  land  may  have  been  disposed  unsym metrically  in  the  vicinity  of  the 
islands,  and  thus  some  deviation  have  been  produced  in  the  direction  of  the  vertical. 

70.  It  is  natural  to  turn  our  attention  to  the  instruments  on  which  the  deter- 
minations of  the  amplitude  depended  in  the  two  surveys.  The  success  which  had 
attended  Bradley  in  his  employment  of  a  zenith  sector  for  his  investigation  of  the 
aberration  of  light  without  doubt  must  have  reflected  great  credit  on  the  instrument, 
and  probably  gave  the  French  observers  much  confidence.  Speaking  without  any 
practical  familiarity  with  a  zenith  sector,  I  may  say  that  I  should  have  been  disposed 
to  think  much  more  highly  of  it  when  employed  for  such  a  purpose  as  Bradley's  in 
a  fixed  observatory  than  when  it  had  to  be  moved  about  in  a  difiicult  country  and  to 
remain  mounted  for  only  a  short  time  at  one  place.  However  Rosenberger  makes  a 
powerful  defence  of  the  French  zenith  sector.  Rosenberger  shews  from  comparing  the 
indications  of  the  instrument  with  the  known  declinations  of  a  and  S  Draconis  that  the 
line  of  coUimation  did  not  change  its  position  in  the  interval  between  the  two  sets  of 
observations  at  Kittis;  and  during  this  interval  the  instrument  was  taken  from  Kittis 
to  Tornea,  and  back  again  from  Tornea  to  Kittis.  Moreover  the  line  of  collimation 
did  not  change  its  position  between  the  two  sets  of  observations  at  Tornea;    during  this 
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interval  the  instrument  remained  in  general  at  Tomea;  this  interval  in  fact  forma  part 
of  the  former  interval. 

71.  The  facts  which  Rosenberger  thus  establishes  with  respect  to  the  sector  are 
very  important;  but  we  must  not  over-estimate  them.  It  is  still  possible,  though  not 
very  likely,  that  a  change  may  have  occurred  in  the  line  of  collimation  while  the 
instrument  was  brought  from  Eittis  to  Tomea,  and  a  change  of  an  opposite  kind  while 
the  instrument  was  taken  back  from  Tomea  to  Eittis.  In  fact  what  is  essential  is 
that  no  change  should  have  taken  place  in  either  journey ;  and  it  is  not  quite  enough 
to  shew  that  no  change  was  perceptible  after  the  two  journeys. 

72.  An  error  has  been  introduced  into  the  following  account  of  Rosenberger^s  results: 
*^ he  has   shewn   that  the   line  of  collimation  was  in   the    same    state   be/are  the 

journey  from  and  after  the  return  to  Tomea  as  well  as  before  the  journey  from  and 
after  the  return  to  Kittis.""  A.  206.  The  words  which  I  have  put  in  italics  imply  a 
journey  from  Tomea  to  Eittis  and  back  again;  but  there  was  not  such  a  journey 
between  the  two  sets  of  observations  at  Tornea  which    Rosenberger  examines. 

73.  I  have  said  in  Article  70  that  the  instrument  remained  in  general  at  Tomea 
between  the  two  sets  of  observations  which  Rosenberger  examines.  For  owing  to  want 
of  acquaintance  with  Outhier  s  book  Rosenberger  does  not  notice  a  slight  strengthening 
of  his  case  to  which  he  might  have  appealed.  Outhier  in  fact  tells  us  that  during 
the  interval  spent  at  Tornea  the  zenith  sector  was  taken  to  a  place  at  a  little  distance, 
set  up  there  and  used  for  observations^  and  then  brought  back;  and  that  no  change 
was  detected   in  its  indications.     O.  131. 

74.  Rosenberger  shews  on  the  testimony  of  the  work  to  which  we  have  referred 
in  Arts.  30  and  40  that  the  zenith  sector  was  used  in  France  after  its  retum  from 
Lapland ;  and  that  its  performance  then  was  excellent.  But  this  evidence  is  not  quite  decisive 
as  to  the  certainty  of  the  results  obtained  in  Lapland  for  two  reasons ;  the  circumstances 
in  France  would  be  much  more  favourable  for  the  safe  transport  of  the  instrument,  and 
its  proper  adjustment;  and  moreover  the  observers  would  have  rendered  themselves  more 
familiar  with  the  instrument,  and  therefore  would  be  probably  able  to  use  it  with  greater 
advantage.  It  must  be  remembered  that  the  French  observers  had  not  used  their  instrument 
before  they  were  in  Lapland ;  the  instrument  in  fact  was  sent  after  them,  see  M.  31 ; 
O.  91.  I  cannot  help  expressing  the  opinion  that  in  such  delicate  operations  the  instru- 
ment ought  to  be  finished  and  if  possible  tested  by  the  observers  who  are  to  use  it 
before  it  is  applied  to  the  work  for  which  it  is  especially  constructed.  If  any  new 
form  of  zenith  sector  is  devised  it  ought  to  be  employed  to  verify  the  latitude  of  some 
known  place  or  the  difference  of  latitudes  of  two  known  places  before  it  is  trusted  to 
determine  the  latitude  of  an  unknown  place  or  the  difference  of  latitude  of  two  unknown 
places. 

75.  The  preceding  Article  was   written  before  I  had  seen  the  paper  by  Lieut.-Col. 
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Strange  in  the  Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  xxxi.  pages 
10...16,  which  is  very  valuable  in  connexion  with  our  subject.  I  may  refer  especially 
to  the  opinion  of  the  late  Sir  George  Everest  which  is  given  on  page  10 ;  and  to  the 
remarks  at   the   top  of  page   13  and   at  the  top   of  page   l6. 

76.  Svanberg  himself  considered  that  the  discrepancy  between  the  two  surveys  was 
due  to  the  untrustworthiness  of  the  observations  with  the  sector;  he  draws  attention  to 
the  great  differences  which  were  found  by  the  observers  in  Peru  to  occur  in  their  use 
of  zenith  sectors.     S.  xxv.     See  also  Melanderhjelm's  preface  to  Svanberg^s  work,  vi.  vii. 

I    may  add    to   this    the    testimony  of   Maskelyne   as    recorded    by   Frid.      Maskelyne 
found   at   S.   Helena  that  in   sectors  like  that    which   Maupertuis  used  the  friction  of  the, 
thread  suspended  from   the  centre    sometimes   produced   an  error  of   s"  or    4,^\    See  Frisi 
De    Gravitate    Corporum  page   140,   or  Coemographia   Vol.  ii.  page  88. 

77.  Let  us  now  turn  to  the  instrument  employed  by  Svanberg.  Repeating  circles 
seem  now  to  have  gone  almost  out  of  use;  while  zenith  sectors  retain  their  position. 
Since  the  geodetical  parts  of  the  French  and  Swedish  operations  agree  well  together 
we  have  so  far  a  favourable  testimony  to  Svanberg*s  repeating  circle.  But  it  must  be 
remembered  that  a  much  higher  degree  of  accuracy  is  necessary  for  the  astronomical 
work  than  for  the  geodetical  work.  An  error  of  lO"  would  be  most  serious  in  the 
amplitude ;  but  such  an  error  in  the  geodetical  angles  would  be  of  little  consequence. 
See  M.  65.  But  unfortunately  it  is  the  opinion  of  well-qualified  judges  that  the 
repeating  circle  is  less  satisfactory  for  the  measuring  of  vertical  angles  than  for  the 
measuring  of  horizontal  angles. 

78.  Rosenberger's  conclusion  as  to  the  French  amplitude  is  that  there  cannot  be 
an  error  of  \%"  in  it ;  and  that  the  great  difference  between  the  French  and  the  Swedish 
results  must  be   explained  in  some  other  way. 

79.  It   has  been  stated : 

"  In  order  to  make  this  measure  and  that  of  Svanberg  agree  in  all  points,  it  is 
necessary  to  suppose  an  error  of  12"  or  more  in  the  French  observations  of  latitude  at 
Kittis.  From  the  excellence  of  the  instrument,  the  reputation  of  its  maker,  the  care 
and  fidelity  of  the  observers,  as  shewn  in  the  points  that  have  been  examined,  and  the 
circumstance  of  their  having  repeated  the  observations  under  the  fear  that  some  error  had 
crept  into  the  first  set,  we  have  no  hesitation  in  expressing  our  opinion  that  this  is 
imposeibler     A.  206. 

This  involves  the  important  error  we  have  already  pointed  out ;  it  assumes  that  the 
two  operations  agree  at  Tornea,  and  that  the  whole  difference  arises  from  the  observa- 
tions at  Eittis.  If  however  we  take  with  this  writer  the  erroneous  hypothesis  that  the 
zenith  sector  and  the  refieating  circle  were  in  accurate  agreement  at  Tornea  the  two 
instruments  appear   with    equal    testimony   in    their   favour;    and    there  seems   no  ground 
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then  for  saying  that  it  is  impossible   for   the   zenith    sector  to  be   wrong  at  Eittis  since 
this  implies  that  the  repeating  circle  must  be  wrong  there. 

80.  After  all  it  may  be  observed  that  discrepancies  of  equal  or  greater  amount  have 
occured  in  other  geodetical  operations.  See  Delambre's  Rapport  Historique,  page  74 ; 
also  the  article   Trigonometrical  Survey  in  the  Penny  Cyclopedia,  page  224. 

81.  It  would  be  a  curious  subject  of  speculation  whether  the  theoretical  opinions  of 
persons  engaged  in  geodetical  surveys  could  have  exercised  any  influence  on  their  ob- 
servations ;  I  mean  of  course  unconsciously,  for  it  would  be  wrong  to  suspect  any  de- 
liberate unfairness  in  any  of  the  operations  which  I  have  examined.  From  a  passage 
in  the  article  Figure  de  la  Terre  by  D'Alembert  in  the  original  Encyclop^die  it  would 
appear  that  the  school  of  Cassini  originally  believed  that  in  consequence  of  the  oblate  form 
of  the  earth,  the  length  of  a  degree  of  the  meridian  would  decrease  from  the  equator  to 
the  pole.  It  seems  strange  perhaps  now  to  suppose  that  such  an  error  could  be 
seriously  maintained;  but  there  can  be  no  doubt  of  it:  for  example,  the  error  was 
vehemently  maintained  by  Keill,  a  man  of  some  reputation,  who  was  ultimately  a 
Savilian  professor  at  Oxford.  See  Eeill's  Ea^amination  of  Dr  Burnefa  Theory  of  the 
Earth... -page  140.  It  is  certainly  a  remarkable  coincidence  that  the  school  of  Cassini 
starting  with  the  erroneous  theoretical  notion  that  the  degrees  of  the  meridian  ought  to 
decrease  from  the  equator  to  the  pole  arrived  at  the  same  result  by  observation  and 
measurement. 

There  can,  I  think,  be  no  doubt  that  at  least  Maupertuis  and  Clairaut,  who  were  the  most 
eminent  of  the  French  party,  held  the  correct  Newtonian  theory  as  to  the  figure  of  the  earth ; 
and  their  result  was  rather  too  decided  in  its  confirmation  of  this  theory.  Now  the  geodetical 
angles  could  scarcely  be  influenced  by  the  theoretical  opinions  of  the  observers ;  because  it 
would  not  be  obvious  in  what  way  the  result  would  be  afiected  by  an  error  in  an  angle.  But 
in  measuring  the  base  it  would  of  course  be  obvious  that  the  larger  was  the  value  obtained, 
the  stronger  was  the  evidence  for  an  oblate  form.  Similariy  in  estimating  the  amplitude,  the 
smaller  the  value  obtained  the  stronger  was  the  evidence  for  the  oblate  form.  In  these  two 
parts  of  the  survey  then  it  would  be  necessary  to  be  on  the  watch  lest  the  conviction  of  what 
the  result  ought  to  be  should  influence  the  impression  of  what  the  observation  really  gives. 

It  is  curious  that  Maupertuis  and  his  party  seem  to  have  thought  at  first  that  their  success 
was  too  decided  and  therefore  their  amplitude  too  small ;  and  that  on  their  second  determina- 
tion they  should  have  made  it  between  S"  and  4f"  larger  than  at  first. 

Svanberg,  I  consider,  was  sent  to  Lapland  with  a  strong  expectation  that  he  would  obtain 
a  less  value  of  a  degree  of  the  meridian  than  that  of  Maupertuis.  See  Melanderhjelm'^s  preface 
to  Svanberg 's  book. 

82.  There  is  a  passage  in  Maupertuis's  book  which  seems  intended  to  shew  that  he  had 
taken  precautions  to  free  his  operations  from  the  influence  of  theoretical  opinions.  See  his 
page  48   Tout  notre  ouvrage.... 
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It  is  not  unlikely  that  the  triangles  were  calculated,  at  least  roughly,  before  the  base  was 
measured,  assuming  the  base  to  be  unity.  The  natural  curiosity  to  become  acquainted  with 
the  character  of  the  result  as  soon  as  possible  would  suggest  this  course.  This  conjecture 
seems  a  little  confirmed  by  a  passage  on  page  57  of  Maupertuis's  work,  "  Nous  vimes..." 

But  on  the  other  hand  see  Outhier's  page  146,    *^  Nous  nous  occup^mes  ...^  and  page  219. 

It  is  said  that  the  French  party  kept  the  result  very  secret,  in  order  to  reflect  at  leisure  on 
what  had  been  little  expected,  and  to  have  the  pleasure  of  bringing  the  first  intelligence  of  it  to 
Paris.     Histoire  de  rAcadAnie  for  1737,  page  94. 

83.  What  is  now  really  required  is  a  good  determination  of  the  latitude  of  Kittis ;  if  we 
may  assume  that  the  latitude  of  Tornea  is  known  by  the  Russian  survey :  see  Art.  60.  It 
seems  probable  that  by  the  aid  of  Outhier^s  book  the  exact  position  of  the  French  station  at 
Kittis  might  be  ascertained.  D.  477-  Thus  the  French  amplitude  would  be  tested.  As  to  the 
Swedish  amplitude  the  primary  object  would  be  to  determine  the  latitudes  of  the  extreme 
stations  Mallom  and  Pahtavara ;  but  unless  some  information  about  the  precise  position  of 
these  stations  exists  in  unpublished  papers  there  would  be  little  hope  of  identifying  them.  Of 
course  the  latitudes  of  intermediate  stations  between  the  extreme  stations  would  be  valuable  as 
testing  the  Swedish  operations,  and  perhaps  supplying  hints  as  to  local  irregularity  of  attrac- 
tion. The  recent  construction  of  an  improved  zenith  sector  brings  it  within  the  bounds 
of  possibility  that  national  or  individual  energy  may  again  attempt  to  solve  this  ancient 
difficulty. 

84.  Svanberg'^s  book  has  received  high  praise.  Delambre  calls  it  bel;  Laplace  calls  it 
excellent;  and  Airy  calls  it  very  elegant.  Rapport  Hiatorique,  73.  Thiorie  dea  Probability, 
Deuademe  SuppUment,  S2.  Encyclopcedia  Metropolitana,  17S.  The  theoretical  investigations 
are  satisfactory ;  but  do  not  seem  to  me  very  remarkable;  they  are  printed  in  a  very  repulsive 
manner.  The  great  defect  of  the  book  is  the  perpetual  omission  of  important  details 
which  cannot  be  supplied  from  any  other  source.  There  are  however  only  two  other 
matters  on  which  I  shall  here  offer  any  criticism ;  and  it  is  necessary  to  advert  to  them, 
because  silence  might  be  misunderstood.  One  of  these  matters  is  Svanberg's  method  of 
combining  his  observations;  and  the  other  is  Svanberg'^s  notions  on  a  question  of  mathe- 
matical  history. 

85.  The  repeating  circle  is  sufficiently  well  known  to  render  it  unnecessary  to  give 
a  full  description  of  it.  A  pointer  we  may  say  takes  up  in  succession  positions  on  a 
graduated  circle  for  which  the  readings  are  J^^  A^y  ^8,...il,.  If  there  were  no  error  in 
the  instrument  or  in  the  observation  the  difference  of  any  two  consecutive  readings,  as 
il^^i--iy,  would  give   the   required    angle.      If   n   is   very   large    it    is    considered    that 

A  "A 

~ would   represent  very  accurately  the  required  angle.     Thus  the  intermediate  values 

A^y  A^i...A^_i  would   not  be   used,   and  in   fact   would    not   be  read.     This    then    is    the 
common  mode  of  using  a  repeating  circle. 
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86.  Svanberg  however  proposed  to  record  and  use  the  iDtermediate  readings.  Every 
pair  of  readings  was  to  be  employed.  Thus  Aj^  -  Aj^  would  be  taken  as  corresponding 
to   (k  -  A)  times  the  original  angle. 

For  a  simple  example,  let  us  suppose  there  are  five  readings  A^,  Ai,  A^^  A^y  A^.  Then 
Svanberg's  notion   is  to  take  the  following: 

Ai  —  Aq^  A^  —  A^f  Az  —  A^f  Ai  —  A^y 

A^  —  ^1,  A^  —  A^f  A^  "^  Aif 

As  "^  A^j  A^  ^  -««» 

Ai  —  A^9 

then  add  all  these   together,  and  divide   by   the  sum  of 

1 +2+S+4 

1+2  +  3 

1  +2 

1 

The  result  in  this  case  would  be 

4A,  +  2^3  -  2^^  -  44, 
20 

Of  course  general  formulae  can  easily  be  constructed.     S.  80. 

87.  It  seems  to  me  that  the  idea  of  this  method  might  have  presented  itself  to 
any  person,  and  would  in  most  cases  have  been  immediately  dismissed.  I  should  call  it 
a  commonplace  blunder.  The  principle  of  the  repeating  circle  is  that  even  if  the  instru- 
ment be  small  and  therefore  the  graduations  not  very  fine  yet  by  taking  a  large  multiple 
of  the  required  angle  we  may  eliminate  the  errors,  instrumental  and  observational.  To  use 
as  Svanberg  does  amcM  multiples  is  equivalent  to  surrendering  the  supposed  advantages 
of  the  instrument. 

88.  Svanberg  himself  seems  to  have  had  some  misgivings;  for  he  proposes  also  a 
modification  of  his  process:  this  amounts  to  rejecting  every  such  pair  as  Aj^  -  Aj^  when 
ft  -  A  is  less  than  some  fixed  number,  say  6.     See  his  page  31. 

He  gives  an  example  on  his  page  32,  which  is  taken  from  his  actual  calculations  on 
page  44.      In  this  case  n  =  12  and  6  «>  5. 

89.  Svanberg  speaks  of  the  original  method  as  that  in  which  all  the  obaervatians 
have  the  right  to  vote  for  the  determination  of  the  angle ;  and  then  proceeds  to  apply 
somewhat  different  language  to  the  modified  method.  The  language  seems  to  me  very 
unfortunate.  Take  the  example  we  have  used  in  Art.  86.  The  observations  strictly 
speaking  are  Aq,  ^i,  A^^  A^t  A^*  Now  it  will  be  seen  that  in  the  result  A^  does  not  occur ; 
while  Aq  and  A^  occur  with  twice  the  coefficient  that  A^  and  A^  have. 
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go.  It  IB  strikingly  characteristic  of  the  serious  defect  in  Svanberg's  book  that 
although  he  records  all  the  readings  of  his  instrument,  and  gives  in « every  case  the  angle 
ivhich  he  has  adopted,  he  never  tells  us  whether  he  has  calculated  this  angle  by  the 
original  method  or  by  the  modified  method,  except  in  the  single  example  which  he  gives 
in  his  page  32.  Moreover  if  he  used  the  modified  method  he  ought  to  have  told  us 
the  value  of  e. 

I  may  invite  the  attention  of  any  student  of  Svanberg*s  book  to  the  curious  method 
by  which  he  treats  some  doubtful  observations  on  his  page  148.  It  requires  some  exertion 
to  discover  his  meaning. 

91.  Laplace  devotes  a  few  pages  in  the  second  supplement  to  bis  Theory  of 
Probabilities  to  the  consideration  of  Svanberg's  method.  Laplace  says  that  it  is  a  new 
example  of  the   illusions  to   which   we  are  liable  in   these   delicate  subjects. 

Laplace  considers  only  the  original  method,  and  not  the  modified  method.  He  comes 
to  the  conclusion  that  Svanberg's  method  requires  more  observations  than  the  common 
method  in  the  ratio  of  6  to  5  in  order  to  give  equally  good  results.  I  am  unable  to 
reconcile  this  numerical  statement  with  a  passage  which  I  find  in  Delambre,  page  472. 
**  M.  Laplace,  qui  a  analyst  cette  nouvelle  m^thode,  a  trouv^  que  Terreur  a  laquelle  elle  expose, 
est  a  celle  de  la  m^thode  ordinaire  comme  S :  2,  ainsi  la  m^thode  commune  est  pr^fi^rable 
k  tous  ^ards;  M.  Svanberg,  en  convenant  de  la  v^rit6  de  cette  remarque  en  certains 
cas,  pense  quMl  en  est  d'autres  oil  le  rapport  serait  au  contraire  celui  de  l:-5,85...«^ 

92.  It  remains  for  me  to  speak  on  Svanberg's  notion^  as  to  a  question  of  mathe- 
matical history ;  see  his  pages  iv.  v. 

Svanberg  alludes  to  the  researches  of  Huygens  on  centrifugal  force;  and  then  he 
says  that   if    we    suppose  with    Huygens   that    the   force   of   gravity  resides  in  the  centre 

of  the  earth  we    obtain    for    the  ellipticity    — -^ — .     Then   he  proceeds   with   the    strange 

statement  that  these  discoveries  were  the  precursors  of  the  hypothesis  which  Newton  after- 
wards proposed  of  universal  gravitation.  Thus  Svanberg  ascribes  to  Huygens  and  not  to 
Newton  the  priority  in  investigations  of  the  Figure  of  the  Earth.  Now  the  first  edition  of  the 
Principia  was  published  ia  l686.  Huygens  published  in  1690  his  Discoura  de  la  cauae  de  la 
Pesanteur,  Although  it  appears  from  the  preface  that  some  part  of  this  work  had  been 
long  before  communicated  to  the  Academy  at  Paris,  yet  Huygens  excepts  the  part  which 
relates  to  the  motion  of  pendulums  as  affected  by  the  Figure  of  the  Earth  :  and  all  that 
relates  to  the  calculation  of  the  Figure  of  the  Earth  he  expressly  says  was  added  after 
the  publication  of  Newton's  Principia.  Perhaps  Svanberg  was  misled  by  a  hasty  glance 
at  Bailly's  Histoire  de  VAatronomie  Modeme^  Vol.  iii.,  page  9.  Bailly  accidentally  notices 
Huygens  before  Newton. 

9S*     Again  Svanberg  says^  **  Newton   ne   tarda  pas  k  remarquer,  que  I'hypoth^se    de 
Huygens  d'une  force  unique  tendante  au  centre  de  la  terre,  etoit  ^quivalente  k  celle  d'y 
supposer  une  densite  infinie."     I  do  not  know  what  this  means.     Huygens  really  used  the 
Vol.  XII.  Part  I.  4 
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hypothesis  of  a  force  coDstant  in  magnitude,  and  directed  always  to  the  centre  of  the 
earth;  it  is  of  course  only  as  to  the  latter  part  of  the  hypothesis  that  we  can  assert 
the  equivalence  of  an  infinite  density  at  the  centre.  I  do  not  think  that  Newton  drew 
attention  to  this  equivalence :  Clairaut  did  in  the  Philosophical  Transactions,  Vol.  40, 
pages  277 ••.306. 

Clairaut,  I  think,  was  the  first  who  shewed  that  Huygens*s  value  of  the  ellipticity 
follows  approximately  from  the  latter  part  of  Huygens^s  hypothesis,  namely,  that  the  force 
always  passes  through  the  centre,  without  assuming  any  particular  law  of  intensity  of  the 
force  at  different  distances.  See  Clairauf  s  Figure  de  la  Terrs,  page  141.  See  also  Plana 
Jstronamisehe  Naehrichten^  Number  839. 

I.    TODHUNTER. 

April,  1871. 

Addition.  March,  1872.  Just  as  this  memoir  has  been  sent  to  the  press  I  have  ob- 
tained access  to  the  work  by  F.  G.  W.  Struve,  entitled  Arc  du  JU&idien  de  259  so'  enire  le 
Danube  et  la  Mer  Glaciale...  Part  of  the  great  arc  to  which  this  work  relates  extends  from 
Tornea  to  the  northern  extremity  of  Norway.  This  part  of  the  survey  was  executed  by  the 
Swedes  and  Norwegians;  and  a  fuller  account  of  it  is  to  be  published  by  the  Academy  of 
Stockholm. 

With  such  attention  as  I  have  been  able  to  give  to  Struve's  work,  I  have  not  discovered 
any  explanation  of  the  discrepancy  between  Maupertuis  and  Svanberg.  The  latitude  of 
Kittis  is  not  given ;   and  neither  of  Svanberg^s  extreme  stations  occurs  in  the  new  survey. 

The  latitude  of  the  Finnish  church  at  Tornea,  which  is  called  ^glise  du  district^  is 
given  as  659  49'  44"*57:  Struve,  Vol.  i.,  page  Ixvi.  Svanberg  made  it  7S'l648S8  grades, 
that  is  65^  50'  54"'07.  This  seems  to  shew  a  great  error  in  the  most  important  part  of 
Svanberg^s  operation.  * 

On  the  other  hand,  Struve  gives  for  the  latitude  of  the  next  station  in  the  survey  towards 
the  North,  namely  Stuor-oivi,  6%^  40'  58"'40;  and  for  the  length  of  the  arc  of  the  meridian 
between  these  two  latitudes  163221*904  toises.  This  gives  about  57194  toises  for  the  length  of 
a  degree  at  the  middle  part  of  the  arc,  corresponding  very  closely  with  Svanberg'^s  conclusion. 

Struve  adverts  to  the  difference  between  Maupertuis  and  Svanberg.  He  says  on  page  xvi. 
of  Vol.  I. :  *^  En  consid^rant  que  les  observations  de  latitude  n^avaient  pas  kik  faites  sur  les 
memes  lieux,  il  a  fallu  admettre  ou  des  deviations  locales  du  fil  it  plomb,  relativement  trfes- 
considerables,  ou  une  incertitude  dans  Tune  ou  T autre  des  4  latitudes  observees,  par  suite 
d' imperfections  des  instruments  employ &s.^  In  speaking  of  the  four  observed  latitudes 
Struve  falls  into  the  same  error  as  the  other  astronomers  cited  in  the  memoir. 

The  Toise  of  Peru  is  mentioned  on  page  Ixxiv.  of  Vol.  i.;  this  refers  to  the  year  1821, 
and  implies  that  the  Toise  was  then  in  a  trustworthy  state. 
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[Bead  March  11,  1872.] 


The  family  Ebenacea  was  first  established  by  Ventenca  in  1799  in  his  ''Tableau  du 
Regne  Vdg^tal/'  was  revised  by  Jussieu  in  the  "Annales  du  Museum,"  Vol  v.  p.  417,  in 
1804,  and  was  finally  assigned  in  1810  by  Brown  in  his  "Prodromus  Florae  Novae  Hollandiae 
et  Van-Diemen"  and  briefly  reduced  to  its  present  shape. 

In  1837  Oeorge  Don  in  his  "General  System  of  Gardening  and  Botany,"  Vol.  iv.,  gave 
an  account  of  the  whole  family  as  understood  by  him;  he  enumerated  83  species  which 
he  distributed  amongst  8  genera.  He  however  included  the  genus  Dtdidanthera  with 
2  species  which  is  now  placed  in  the  family  Stybacks:  he  placed  in  Iligini^  instead  of 
EsKNACELfi  Leucoxylwm  luxifolium^  Blum. :  and  he  described  the  new  genus  Diplonema  which 
however  has  not  been  maintained  by  subsequent  authors  as  distinct  from  Euclea, 

In  1844  Alphonse  De  Candotte  monographed  the  family,  amongst  the  earliest  of  his 
works,  in  the  "  Prodromus  Systematis  Naturalis  Regni  Vegetabilis,"  Vol  Vin.,  and  produced 
160  species  and  8  genera,  with  the  omission  however  of  Levcoxylvm  buxifoUumy  Blum. 
Three  of  these  8  genera  were  first  defined  in  this  monograph. 

No  subsequent  treatise  of  an  original  character  on  the  whole  number  of  species  of  the 
family  has  appeared. 

In  the  present  monograph  5  genera  only  are  recognized,  one  of  which  (Tetradia)  is 
new,  and  amongst  these  are  distributed  about  250  species;  an  account  is  also  given  of 
the  fossils  that  have  been  published  as  members  of  the  family,  but  these  are  not  included 
in  the  above-mentioned  estimate. 

For  the  purpose  of  preparing  the  present  paper  I  have  consulted  all  the  materials 
within  my  reach;  I  may  mention  the  following  important  collections  which  I  have 
examined. 

(i)  The  royal  herbarium  at  Eew,  well  known  to  be  amongst  the  largest  in  existence, 
where  I  have  had  the  advantage  of  Professor  Oliver's  incidental  assistance. 

(ii)  The  herbarium  of  the  British  Museum,  containing  many  valuable  type-specimens 
and  a  large  miscellaneous  collection. 

(iii)  The  herbarium  belonging  to  the  University  of  Cambridge,  induding  the  late 
Dr  Lindlei/s  herbarium  and  Lehmann's  herbarium,  the  latter  named  for  the  University  by 
Mr  BenOuim. 

(iv)    The  herbarium  of  the  University  of  Oxford. 

(v)  The  Wattichian  herbarium  of  East  Indian  plants,  now  the  property  of  the  Linnean 
Society  of  London. 

4—2* 
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(vi)  The  Ebenagks  of  the  UiiiverBity  of  Dublin,  extremely  rich  in  Soath  African 
plants,  got  together  by  the  late  Dr  Harvey. 

(vii)  The  EsENACEiS  of  Dr  Sonder's  herbarium  of  Hamburg,  also  rich  in  South 
African  plants. 

(viii)    The  herbarium  of  Dr  Vcm  Heurch  at  Antwerp. 

(ix)  The  royal  herbarium  belonging  to  the  botanical  garden  at  Brussels,  containing  the 
private  collection  of  the  late  Von  Martins,  the  editor  of  the  "  Flora  Brasiliensis." 

(x)  The  royal  herbarium  at  Leiden,  where  is  the  best  collection  in  Europe  of  plants 
indigenous  to  the  Malay  archipelago. 

(xi)  The  imperial  herbarium  at  Berlin,  where  also  is  the  important  type-collection 
of  WiUdenow. 

(xii)     The  imperial  herbarium  at  Vienna. 

(xiii)    The  royal  herbarium  at  Munich,  which  is  especially  rich  in  Brazilian  plants. 

(xiv)     The  type-herbarium  of  De  Gandolle  at  Geneva. 

(xv)      The  Delessert  herbarium  also  at  Geneva. 

(xvi)  The  herbarium  of  the  Paris  Museum,  which  contains  the  best  collections  from 
Madagascar  and  New  Caledonia,  the  herbarium  of  Jumeu,  and  a  very  laige  general  col- 
lection of  plants. 

(xvii)  The  Ebenaceje  of  the  fine  Angolan  collection  made  by  Dr  WelwiUch  with 
extraordinary  care  and  true  scientific  judgment  in  the  expedition  undertaken  by  the 
Portuguese  government  from  1853  to  1860. 

(xviii)  The  Australian  collection  of  the  great  botanist  Brown,  now  the  property  of 
Mr  Bennett,  late  of  the  British  Museum. 

I  have  also  been  favoured  with  the  manuscript  of  the  African  genus  Boyena  belonging 
to  the  late  Dr  Harvey,  which  he  had  prepared  but  not  completed  for  the  "  Flora  Capensis  ;** 
I  have  taken  up  some  new  species  of  Boyena  which  Dr  Harvey  had  briefly  described  in 
this  manuscript. 

Dr  Th/waites,  of  the  royal  botanical  garden  at  Peradenia  in  Ceylon,  has  with  much  kind- 
ness supplied  me  with  fresh  flowers  in  spirit,  as  well  as  dried  flowers,  belonging  to  Ebena- 
ceous  species  indigenous  to  that  island,  and  published  by  him  in  his  "  Enumeratio  Plantarum 
Zeylaniae." 

Economic  Products,  &c. 

The  economic  properties  of  EbenacesB  are  principally  connected  with  the  wood  and  the 
fruit,  though  other  parts  in  some  species  are  of  value  and  importance.  The  valuable  wood 
known  by  the  name  of  Ebony  is  a  black  hard  and  heavy  wood,  produced  for  the  most 
part  by  members  of  this  family.  Other  families,  however,  such  as  Leguminosce,  Sterculi- 
aceoB,  Bignoniacece,  &c.  supply  different  kinds  of  wood  that  are  also  called  by  the  name 
of  Ebony.  BertoUni  in  MiscdUmea  Botanica,  viii.  p.  1  (1849),  discusses  the  various  claims 
of  different  plants  to  represent  the  ebony  of  the  ancients,  and  decides  in  favour  of  a 
Leguminous  species,  which  he  calls  Fomasinia  d>enifera.  For  an  account  of  ebony  and 
its  varieties,  a  paper  may  be  consulted  which  was  contributed  by  Mr  P.  L.  Simmonds  in 
the  Art  Joumai  for  1872,  pp.  66 — 68.    Ebony  is  confined  to  the  heart-wood  of  the  trees 
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that  produce  it  and  is  chiefly,  found  in  older  trees;  the  wood  of  the  younger  being  often 
of  a  pale  colour. 

Ebony,  as  the  term  is  used  in  commerce,  is  a  close-grained  and  nearly  black  wood 
of  high  specific  gravity,  heavier  than  water,  a  cubic  foot  weighing  firom  1100  to  1330  oz., 
is  susceptible  of  a  high  polish,  and  is  chiefly  used  for  inlaying  and  fancy-work.  The  price 
of  the  timber  as  imported  into  England  varies  from  £8.  lOs.  to  £9.  129.  6d.  per  ton ;  from 
700  to  1000  tons  are  annually  imported. 

The  wood  is  of  an  acrid  pungent  tast«,  and  gives  off  an  aromatic  smell  when  burnt; 
when  dried  at  100*  C.  it  is  said  to  contain  49'8  per  cent,  of  carbon,  5*3  of  hydrogen  and 
44'9  of  oxygen ;  it  is  also  said  to  contain  ulmic  acid  (see  Schacht,  Der  Baum,  p.  198). 
The  strength  of  the  wood  is  illustrated  by  the  following  experiment,  but  as  it  was  tried 
on  a  piece  of  inferior  specific  gravity  the  result  is  probably  below  the  fuU  strength  of  a 
better  class  of  ebony.  A  piece  planed  to  one  inch  square  and  24  inches  long  was  sup- 
ported at  each  end  by  two  props,  the  clear  distance  from  prop  to  prop  being  20  inches; 
it  was  then  found  that  a  weight  of  2cwt.  3qu.  20  lbs.  was  required  (when  hung  on  the 
middle)  to  break  the  piece.    (See  Trcmsactions  of  the  Society  of  Arts,  VoL  xlviil) 

Sawdust  of  Ceylon  ebony  (?  Diospyros  Ebenum,  L.)  when  treated  with  cold  water  pro- 
duces in  the  latter  a  rich  or  reddish  brown  colour,  and  after  boiling  together  for  some  time 
no  further  change  of  colour  results ;  the  sawdust  retains  its  original  very  dark  colour. 

Ebony  is  employed  to  make  pianoforte  keys,  the  stringholder  in  violins,  spear-points, 
&c.;  and  the  best  kind  of  ebony  is  very  valuable  on  account  of  its  maintaining  a  perma- 
nent' shape  and  not  warping,  and  is  therefore  used  for  rules  and  measures. 

Many  hard  woods  such  as  box-wood,  pear-tree  wood,  &a  are  now  artificially  dyed  black, 
and  are  used  in  commerce  as  ebony. 
The  following  species  supply  ebony: 

Diospyros  Ebenum,  Konig.     India,  &c 

Diospyros  melanoxylon,  Boxb.     India. 

Diospyros  Dendo,  Welw.    Angola,  West  tropical  Africa. 

Diospyros  sylvatica,  Roxb.     India,  &c. 

Diospyros  Qardneri,  Thw.     Ceylon. 

Diospyros  hii*suta,  Linn.  fil.     Ceylon. 

Diospyros  discolor,  Willd,     Malaya,  &a 

Diospyros  Embryopteris,  Pers.     India,  &c. 

Diospyros  Ebenaster,  Retz.     Malaya,  &c. 

Diospyros  montana,  Boxb.     India,  &c. 

Diospyros  insignis,  Thw.     Ceylon  and  S.  India. 

Diospyros  Tupru,  Buch.-Ham.     India. 

Diospyros  mespiliformis,  Hochst.    Tropical  Africa. 

Diospyros  truncata,  Zoll.  and  Mor.    Java. 

Diospyros  tessellaria,  Poir.     Mauritius. 

Diospyros  haplostyUs,  Boiv.     Madagascar. 

Diospyros  microrhombus.    Madagascar. 

Diospyros  ramiflora,  Wall.     N.E.  India. 

Maba  buxifolia^  Pers.    India,  Madagascar,  &c. 
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Maba  Mualala,  Welw.    Angoli^  West  tropical  Africa. 
Eudea  pseudeb^ius,  E.  Mey.    South  Africa. 
&a  &c. 
The  following  species  also  produce  good  wood. 

Diospyros  Malacapai,  Alph.  DO.    Wood  yellow  with  black  spots.    Philippine  Islauds. 
Diospyros  pilosanthera,  Blanc.    Ornamental  wood.    Philippine  Islands. 
Diospyros  pilosa,  Alph.  DC.    Timber  fit  for  building  purposes.    Cochin  China. 
Diospyros  pentamenL    Wood  very  hard^  pale.    Australia. 
Diospyros  australis.    Wood  close-grained,  fit  for  turnery.    Australia. 
Diospyros  chlorozylon,  Boxb.    Wood  pale.    Circars,  India. 
Diospyros  Paxalia^  Steud.    Wood  white  and  hard.    Guiana. 
Diospyros  foliolosa^  Wall    Valuable  light-coloured  wood.    S.  India. 
Diospyros  leucomelas,  Poir.    White  wood  with  black  lines.    Mauritius. 
Diospyros  lanceffifolia,  Boxb.    Hard  and  handsome  wood.    K  Indies. 
Maba  geminata,  Br.    Australia. 
Boyena  lucida,  L.    Cape  of  Good  Hope. 

Euclea  racemosa,  L.  and  E.  undulata,  Thunb.    Cape  of  Gbod  Hope. 
In  New   Caledonia   the   species   of  Maba  and   Diospyros   furnish    excellent    woods  for 
building. 

Calamander  or  Coromandel  wood,  a  finely  yariegated  and  scarce  wood,  is  produced  by 
Diospyros  qucesita,  Thw.  and  by  Diospyros  oppositifolia,  Thw. 

Black  dyes  are  obtained  from  Diospyros  mollis  in  Burmah,  according  to  the  Bev.  Dr. 
Mason;  and.  from  Diospyros  Cunaion,  Alph.  DC,  according  to  Blanco. 

Anchors  for  large  boats  are  made,  in  the  province  of  Tavoy  in  Burmah,  of  the  wood 
of  Maba  hixifolia,  Pers. 

Birds  are  said  to  die  soon  after  eating  the  fruit  of  Diospyros  toxicaria;  and  Diospyros 
muUiflora,  Blum.,  Diospyros  Ebenaster^  Betz,  Diospyros  samoensis,  A.  Gray,  and  a  Brazilian 
species  of  Diospyros  are  fish-poisoners  (see  AUemao,  Considera9(]»es  sobre  as  plantas  medicinaes 
da  flora  Cearense,  pp.  41,  43  [1862]). 

A  decoction  of  the  bark  of  Diospyros  Paraiea,  Steud.  is  valuable  against  fevers  in 
French  Guiana;  also  in  North  America  Diospyros  virginiana,  L.  is  used  for  a  similar 
purpose. 

The  juice  of  the  fruit  of  Diospyros  Smbrycpteris,  Pers.  is  very  glutinous  and  charged 
with  tannic  acid,  and  is  used  throughout  South  India  for  paying  the  seams  of  fishing  boats 
and  for  preserving  fishing  lines  and  nets. 

The  fresh  wood  of  Diospyros  MaJacapah  Alph.  DC.  is  said  to  keep  off  bugs  (see  Blanco, 
"Flora  de  FiHpinas,"  p.  303  [1837]). 

A  decoction  of  the  leaves  of  Maba  buxifolia,  Pers.  in  Madagascar  is  employed  in  cases 
of  gastritis. 

The  fruits  of  the  following  species  are  edible. 

Diospyros  Kaki,  Linn.  fiL    China^  &a 
Diospyros  virginiana,  L.    North  America. 
Diospyros  Lotus,  L.    Asia. 
Diospyros  chloroxylon,  Boxb.    Circars,  India. 
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Biospyios  decandra,  Lonr.    Cochin  Chinas 
Diospyros  melanozylon,  Bozb.    S.  India. 
Diospyros  Embryopteris,  Pers.    S.  India  and  Ceylon,  &c. 
Diospyros  Ebenaster,  Betz.    Malaya,  &c. 
Diospyros  KirkiL    East  tropical  AMca. 
Diospyros  Tupru,  Buch.     India. 
Diospyros  mespiliformis,  Hochst    Tropical  Africa. 
Diospyros  australis.    Australia. 
Diospyros  batocana.    Tropical  Africa. 
Diospyros  tessellaria^  Foir.     Mauritius. 
Maba  major,  Forst    Friendly  Islands. 
Eudea  undulati^  Thunb.    South  Africa. 
&C.  &c. 
According  to  Dr  Kirk  near  Victoria  Falls  in  Tropical  Africa  the  shrub   Eudea   diwn- 
wvm  is  the  medicine  of  the  diviners,  being  rubbed  in  the  hands. 

Geographical  Distribxttiok. 

The  head-quarters  of  this  family  is  India  where  the  species  are  numerous,  but  of  the 
five  genera  which  compose  the  family  only  two  (though  these  are  the  largest  genera) 
occur  in  the  whole  of  the  Esust  Indian  regions.  Two  genera  are  peculiar  to  the  continent 
of  Africa,  and  one,  a  n^w  monotypic  genus,  is  peculiar  to  the  island  (rf  Madagascar. 
Not  a  single  species  is  indigenous  to  Europe;  one  however  is  naturalized  in  the  countries 
bordering  on  the  Mediterranean  sea. 

The  majority  of  the  species  are  confined  to  the  tropical  regions  of  both  the  eastern 
and  western  hemispheres ;  several  species  are  found  in  the  subtropical  regions,  especially  of 
South  Africa;  very  few  in  temperate  regions,  and  none  in  the  colder  regions  of  either 
hemisphere. 

A  specimen,  apparently  belonging  to  a  tropical  species  {Maba  huxtfolia,  Pers.),  is  stated 
to  have  been  met  with  near  the  straits  of  Magellan;  but  this  is  probably  an  error. 

For  the  better  comprehension  of  the  distribution,  I  have  given  below  lists  of  species 
as  they  are  known  to  occur  in  the  different  botanical  regions  into  which  the  whole  earth's 
surface  has  been  divided  by  Grisebach. 

Arabia,  New  Zealand,  Tasmania,  Western  Australia,  and  the  district  along  the  Andes  in 
South  America  are  destitute  of  a  single  representative  of  the  family. 

Geographical  distribution  of  Eberuicece  with  reference  to   OrisebacKs  regions.    See 
"Die  Vegetation  der  Erde."    2  vols.  8vo.    Leipzic,  1872. 

L  Arctic  flora.     0. 

IL  Forest  region  of  the  Eastern  continent     0. 

III.  Mediterranean  region.    Diospyros  Lotus,  L.     (Naturalized.) 

IV.  Steppes  region.    Diospyros  Lotus,  L. 

V.  China,  Japan  region.    Diospyros  Lotas,  L;  D.  Kaki,  L.  f.;  D.  Morrisiana,  Hance; 

D.  eriantha^  Champ.;  D.  vaccinioides,  lindL 
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VL  Indian  monsoon  region.    Diospyros,  86  sp.    Maba,  19  sp.    Centre  for  EbenacecBf  &a 

"  which  have  not  a  wide  distribution  beyond,"  n.  p.  71. 

VIL  Sahara.    0. 

VIII.  Tropical  Africa  and  Natal.    Diospyros,  16  sp. ;  Maba,  7  sp. ;  Evdea,  11  sp. ;  Royena, 

10  sp. 

IX.  Kalahari.    Boyena,  2  sp. ;  Evdea,  5  sp. 

X.  Cape  iSiora.    Evdea,  14  sp.;  Boyena,  8  sp. 

XL  Australia.    Maba,  10  sp. ;   Diospyros,  6  sp. 

XII.  Forest  region  of  the  Western  continent.    Diospyros  virginiana,  L. 

XIII.  Prairie  region.    Diospyros  texcma,  Scheele;  Maba  intricata. 

XIV.  Californian  coast  region.     0. 

XV.  Mexican  region.     Diospyros,  5  sp.;  Maba,  3  sp. 
XVL  West  Indiea     Diospyros,  3  sp.;  Maba,  3  sp. 

XVIL  South  American  region  North  of  the  Equator.    Diospyros,  8  sp. ;  Maba,  3  sp. 

XVIIL  Hylaea,  region  of  equatorial  Brazil.     Diospyros,  8  sp. ;  Maba,  2  sp. 

XIX.  Brazil.    Diospyros,  11  sp.;  Maba,  3  sp. 

XX.  Flora  of  the  tropical  Andes  of  South  America.     0? 

XXI.  Pampas  region.     0. 

XXII.  Chilian  transition  region.    0? 

XXIII.  Antarctic  forest  region.   0? 

XXIV.  Ocean  Islands.    Diospyros,  27  sp. ;  Maba,  12  sp. ;   Tetraclis,  1  sp. 

1.  Azores.    0.  2.   Madeira.    0.  3.   Canaries.    0.  4.  Cape  Verd  I.    0. 

5.  Ascension.  0.  6.   St  Helena.  0. 

7.  Madagascar.    Maba,  3  sp. ;  Diospyros,  19  sp. ;    Tetraclis,  1  sp. 

8.  Mascarene  L    Diospyros,  6  sp. 

9.  Seychelles.    Diospyros,  1  sp. ;  Maba,  1  sp. 

10.  Sandwich  I.    Maba,  2  sp. 

11.  Fiji  I.    Maba,  2  sp. 

12.  New  Caledonia.    Diospyros,  3  sp. ;  Maba,  7  sp. 

13.  Norfolk  I.  0.  14.  New  Zealand.  0.  15.  Galapagos.  0. 
16.  Juan  Fernandez.  0.  17.  Falkland  I.  0.  18.  Tristan  da  Cunha.  0. 
19.  Kerguelens-land.    0. 

LISTS  OF  SPECIES  IN  ABOVE-MENTIONED  REGIONS. 

VI.    Indian  Monsoon  Region. 
Maba  acuminata.     Ceylon. 
Maba  oblongifolia.     Ceylon. 
Maba  ovalifolia.     Ceylon. 
Maba  nigrescens,  Dalz.     India. 
Maba  buxifolia,  Pers. 
Maba  Andersoni,  Soland.    Tonga  Islands. 
Maba  major,  Forst.     Tonga  Islands. 
Maba  elliptica^  Forst.    Amboina  and  Cochin  China. 
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Maba  sumatrana,  Miq.    Java  and  Sumatra.    Andaman  Islands  (?). 

Maba  micrantha.     India. 

Maba  lamponga,  Miq.     Sumatra. 

Maba.merguensis.     Meigui  archipelago. 

Maba  confertiflora.    Labuan. 

Maba  punctata.     Borneo. 

Maba  TeijsmannL    Java. 

Maba  hermaphroditica,  ZoU.     Java. 

Maba  javanica^  Zoll.    Java. 

Maba  Maingayl     Malacca. 

Maba  Motleyi    Borneo. 

DiospyroB  insignis,  Thw.     Ceylon  and  S.  India. 

Diospyros  Tupru,  Buch.-Ham.     India. 

Diospyros  melanozylon,  Boxb.    India. 

Diospyros  decandra^  Lour.     Cochin  China. 

Diospyros  affinis,  Thw.     Ceylon. 

Diospyros  crumenata,  Thw.     Ceylon. 

Diospyros  sylvatica,  Boxb.     India  and  Ceylon.     Java  (1). 

Diospyros  Kurzil     South  Andaman. 

Diospyros  ehretioides.  Wall.    Tavoy,  &c, 

Diospyros  hirsuta,  linn.  fil. 

Diospyros  Korthalsiana.    Borneo. 

Diospyros  oocarpa,  Thw.    India  and  Ceylon. 

Diospyros  truncata,  Zoll.  and  Mot.    Java. 

Diospyros  bomeensis.    Labuan. 

Diospyros  quaesita,  Thw.    Ceylon. 

Diospyros  Malacapai,  Alph.DC.     Philippine  Islands. 

Diospyros  attenuata,  Thw.     Ceylon. 

Diospyros  acuta,  Thw.    Ceylon. 

Diospyros  Brandisiana,  Kurz.    Burmah. 

Diospyros  pruriens,  Dalz.    Bombay  and  Ceylon. 

Diospyros  apiculata.    Penang. 

Diospyros  foliolosa,  Wall.    Madras. 

Diospyros  pilosula,  Wall.    Silhet. 

Diospyros  paniculata,  Dalz.    Bombay. 

Diospyros  Horsfieldii.     Malacca  and  Java. 

Diospyros  densiflora,  Wall    Moolmyne  and  Amherst. 

Diospyros  oppositifolia,  Thw.     Ceylon. 

Diospyros  Carthei.    Manila. 

Diospyros  polyalthioides,  Korth.    Borneo. 

Diospyros  octandra.    Burmah  and  Pegu. 

Diospyros  stricta,  Boxb.    East  Bengal. 

Diospyros  eriantha,  Champ.    Borneo  and  Sumatra. 

Diospyros  dasyphylla,  Eurz.    Burmah. 
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Diospyros  fiavicans.    Malacca^  &c. 

Diospyros  aurea^  Teijsm.  et  Binn.    Java. 

Diospyros  nigricaDs,  Wall     East  Bengal. 

Diospyros  Ebenum,  K5ii.     (Extensive  range.) 

Diospyros  pellucida.     Philippine  Islands. 

Diospyros  maritima,  Blum.    Java,  Celebes,  Timor,  Samoa  Islands. 

Diospyros  philippinensis,  Alph.  DC.    Philippine  Islands. 

Diospyros  Gardneri,  Thw.     Ceylon. 

Diospyros  lancesefolia,  Boxb.     East  Bengal. 

Diospyros  undulata,  Wall.     Malacca,  Tavoy,  &c. 

Diospyros  multiflora,  Blanc.     Philippine  Islands. 

Diospyros  buxifolia.     Malacca,  Java,  and  S.  Canara. 

Diospyros  montana,  Roxb.     (Extensive  range.) 

Diospyros  ZoUingerL    Java. 

Diospyros  Kaki,  Linn.  fil.     Khasia. 

Diospyros  chartacea,  Wall.     Burmah. 

Diospyros  variegata,  Kurz.     Pegu. 

Diospyros  chloroxylon,  Roxb.    Bombay  and  Madras. 

Diospyros  cauliflora,  Blum.     Java. 

Diospyros  ramiflora.  Wall.     BengaL 

Diospyros  Diepenhorstii,  Miq.     W.  Sumatra. 

Diospyros  sumatrana,  Miq.     Sumatra  and  Borneo. 

Diospyros  pendula,  Hasselt.    Java. 

Diospyros  bifiora,  Blanc.    Philippine  Islands. 

Diospyros  macrophylla,  Blum.     Java. 

Diospyros  oleifolia,  Wall.     Amhert,  Pegu,  and  Java. 

Diospyros  samoensis,  A.  Gr.     Friendly  Islands. 

Diospyros  ovalifolia,  Wight     Ceylon  and  Madras. 

Diospyros  rhodocalyx,  Kurz.     Siam. 

Diospyros  frutescens,  Blum.    Java. 

Diospyros  perforata.     Ceram  I.,  Oceania. 

Diospyros  burmanica,  Kurz.     Pegu. 

Diospyros  oblonga,  Wall.     Penang  and  Singapore. 

Diospyros  Ebenast.er,  Retz.     Philippine  Islands,  Celebes,  and  Amboina. 

Diospyros  discolor,  Willd.     Philippine  Islands,  Malaya,  &c. 

Diospyros  argentea,  Griff.     Malacca. 

Diospyros  Embryopteris,  Pers.     (Extensive  range.) 

Diospyros  vaccinioides,  Lindl.     Malacca,  S.  Andaman,  &c. 

Diospyros  Cunalon,  Alph.  DC.    Philippine  Islands. 

Diospyros  dodecandra.  Lour.     Cochin  China. 

Diospyros  Toposia,  Ham.    Bengal  and  Ceylon. 

Diospyros  cystopus,  Miq.     S.  Sumatra. 

Diospyros  glauca,  RottL    Madras. 

Diospyros  grata.  Wall.     Nepal 
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Diospyrofl  Hasseltii,  Zoll.    Java. 
DiospyroB  Kuhlii,  Zoll.    Java. 
Diospyros  microcarpa,  Span.     Timor. 
Diospyros  orixensis,  Wight.     Courtallum. 
Diospyros  penduliflora,  Zoll.     Java. 
Diospyros  pilosa,  Alph.  DC.     Cochin  China. 
Diospyros  pilosanthera,  Blanc.     Philippine  Islands. 
Diospyros  pyrrhocarpa,  Miq.     W.  Sumatra. 
Diospyros  timoriana,  Miq.     Timor. 

VIII.    Tropical  Africa. 

Boyena  pallens,  Thunb.    Angola  and  Seshike,  Manganja  hills,  &o. 

Royena  dstoides,  Welw.    Angola. 

Euclea  pseudebenus,  E.  Mey.    Niger,  Angola^  &c, 

Euclea  fructuosa.    Zambesia. 

Euclea  bilocularis.     Zanzibar. 

Euclea  Kellau,  Hochst.    Abyssinia. 

Euclea  multiflora.    Angola,  &g. 

Euclea  divinorum.    Victoria  FaDs  (and  Delagoa  Bay). 

Euclea  lanceolata,  K  Mey.     Benguela,  &c. 

Maba  buxifolia,  Fers.  var.    Guinea  and  Angola. 

Maba  lancea.     Sierra  Leone. 

Maba  Mannii.     Niger. 

Maba  abyssinica.    Abyssinia. 

Maba  quiloensis.     Quiloa,  Zanzibar  coast. 

Maba  Mual&la,  Welw.     Angola. 

Diospyros  Barteri.     Niger. 

Diospyros  batocana.     Zambesia. 

Diospyros  crassiflora.     Old  Calabar. 

Diospyros  Heudelotii.     Senegal 

Diospyros  Kirkii.     Zambesia. 

Diospyros  Loureiriana,  G.  Don.     Mozambique  and  Angola. 

Diospyros  Mannii.     Niger. 

Diospyros  mespiliformis,  Hochst.    E.  and  W.  tropical  Africa. 

Diospyros  platyphylla,  Welw.    Angola. 

Diospyros  senensis,  Kl.     Mozambique. 

Diospyros  squarrosa,  Kl.     Mozambique. 

Diospyros  tricolor.     Guinea. 

Diospyros  verrucosa.     Zambesia. 

Diospyros  Dendo,  Welw.    Angola. 

Natal,  Delagoa  Bay,  &c. 

Royena  lucida,  L.  Royena  scabrida,  Harv. 

Royena  cordata,  E.  Mey.  Royena  villosa,  L. 
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Royena  hirsuta,  L. 
Boyena  pallens,  Thunb. 
Royena  parviflora. 
Royena  nitens,  Harv. 
Royena  glandulosa^  Harv. 
Euclea  lanceolata,  E.  Mey. 
Euclea  divinorum. 


Euclea  multiflora. 
Euclea  natalensis,  Alpk  DC. 
Euclea  daphnoides. 
Euclea  undulata,  Thunb. 
Euclea  macrophylla,  E.  Mey. 
Maba  natalensis,  Harv. 
DiospyroB  rotundifolia. 


Royena  hirsuta^  L. 
Royena  pallens,  Thunb. 
Euclea  pseudebenus,  E.  Mey. 
Euclea  tomentosa,  E.  Mey. 


IX.    Kat.ahart. 

Euclea  lanceolata,  E.  Mey. 
Euclea  ovata,  Burch. 
Euclea  undulata,  Thunb. 


X. 

Cape  Flora. 

Royena  lucida,  L. 

Euclea  acutifolia,  E.  Mey. 

Royena  cordata,  E.  Mey. 

Euclea  lancea,  Thunb. 

Royena  viUosa,  L. 

Euclea  pseudebenus,  R  Mey. 

Royena  hirsuta^  L. 

Euclea  linearis,  Zeyh. 

?  Royena  sessilifolia. 

Euclea  lanceolata^  E.  Mey. 

Royena  pallens,  Thunb. 

Euclea  ovata,  Burch. 

Royena  ambigua,  Vent. 

Euclea  multiflora. 

Royena  glabra,  L. 

Euclea  macrophylla,  E.  Mey. 

Euclea  polyandra,  E.  Mey. 

Euclea  daphnoides. 

Euclea  tomentosa^  E.  Mey. 

Euclea  racemosa,  L. 

Euclea  coriacea,  Alph.  DC. 

Euclea  undulata,  Thunb. 

XI 

.    Australia. 

Maba  hemicycloides,  F.  Muell. 

Maba  compacta,  Br. 

Maba  rufa,  Labill. 

Maba  fasciculosa,  F.  Muell. 

Maba  laurina,  Br. 

Diospyros  australis. 

Cfr.  Maba  buxifolia,  Pers. 

Diospyros  hebecarpa,  Cunn. 

Maba  obovata,  Br. 

Diospyros  maritima,  Bl. 

Maba  geminata,  Br. 

Diospyros  montana,  Roxb. 

Maba  humilis,  Br. 

Diospyros  mabacea. 

Maba  reticulata,  Br. 

Diospyros  pentamera. 

XV. 

Mexican  Region. 

Maba  albens. 

Diospyros  ciliata,  AJph.  DC. 

Maba  acapulcensis. 

Diospyros  Ebenaster,  Retz.  (introduced?) 

(?)  Maba  Pavonii. 

Diospyros  texana,  Scheele. 

Diospyros  velutina. 

Diospyros  cuneifoHa. 
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XVI.    West  Indies. 

Maba  Grisebachii.     Cuba. 

Maba  caribsea. 

Maba  inconstans.  Griseb. 

Diospyros  tetrasperma,  Sw,    Jamaica,  St  Domingo  and  Cuba. 

Diospyros  halesioides,  Griseb.    Cuba. 

Diospyros  laurifolia>  Rich.     Cuba. 
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XVII.    South  American  region  north  of  the  Equator. 

Maba  inconstans,  Griseb. 

Maba  cauliflora.  Mart.    Cayenne. 

Maba  MellinonL     French  Guiana. 

Diospyros  tetrandra.    Guiana. 

Diospyros  velutina.    New  Granada. 

Diospyros  Sprucei.     San  Carlos,  Columbia. 

Diospyros  cayennensis,  Alph.  DC.    French  Guiana. 

Diospyros  Paralea,  Steud.    Guiana. 

Diospyros  glomerata^  Spruce.     French  Guiana. 

Diospyros  caprsefolia,  Mart.     Surinam. 

Diospyros  Goudotii. 

Diospyros  (?)  xylopioides,  Mart.     Guiana. 


XVIII.      HYLiEA,   REGION   OF  EQUATORIAL   BRAZIL. 


Maba  myrmecocarpa. 

Maba  myristicoides. 

Diospyros  Poeppigiana,  Alph.  DC. 

Diospyros  emarginata. 

Diospyros  subrotata. 


Diospyros  polyandra^  Spruce. 
Diospyros  glomerata.  Spruce. 
Diospyros  capraefolia.  Mart. 
Diospyros  artanthsefolia.  Mart. 
Diospyros  Paralea,  Steud. 


XIX.    Brazil. 


Maba  inconstans,  Griseb. 

Maba  sericea. 

Maba  Hilairei,  sp.  nov. 

Diospyros  velutina. 

Diospyros  spinosa. 

Diospyros  Ebenaster,  Retz.  (introduced  ?). 

Diospyros  discolor,  Willd.  (introduced  ?). 


Diospyros  ovalis.    Pernambuco. 
Diospyros  hispida,  Alph.  DC. 
Diospyros  coccolobsefolia^  Mart. 
Diospyros  gaultheriaefolia,  Mart. 
Diospyros  Weddellii. 
Diospyros  capraefolia.  Mart. 
Diospyros  apeibacarpos,  Radd. 
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Lists  arranged  in  Numerical  Order  of  nwrnbered  Collections  of  Ebenaceca  made 
hy  various  principal  Botanical  travellers. 

For  use  with  numbered  sets  of  distributed  or  large  collections  of  plants,  I  have  drawn 
up  lists  arranged  in  numerical  order,  so  that  in  the  case  of  any  Ebenaceous  plant  belonging 
to  such  collections  the  name  of  the  species  can  be  at  once  ascertained  when  the  number 
of  the  plant  in  the  set  is  known.  It  will  also  give  a  direct  view  of  the  whole  number  of 
species  of  the  family  obtained  by  each  botanical  traveller;  and  as  travellers  have  in  most 
cases  limited  their  journeys  with  respect  to  each  set  of  plants  to  a  particular  region  or 
locality,  it  foUows  that  such  lists  are  calculated  to  throw  much  light  on  the  geographical 
distribution  of  the  family. 

Alphabetical  List  of  enumerated  Collectors. 


Atherstone,  Cape  of  Good  Hope  and  Namaqua- 

land. 
Barber,  Borneo. 
Barter,  Niger. 

Beccari,  Keren,  N.E.  Tropical  Africa. 
Berlandier,  Mexico. 
Bemier,  Madagascar. 
Blanchet,  Brazil 
Bolus,  Cape  of  Good  Hope. 
Bonpland,  Mexico  and  Guayaquil. 
Botteri,  Mexico. 
Brown,  Australia. 

Burchell,  Cape  of  Good  Hope  and  Brazil. 
Burton,  Congo. 
Chapelier,  Madagascar. 
Claussen,  Brazil. 
Cooper,  Cape  of  Good  Hope. 
Cuming,  Philippine  Islands. 
Cunningham,  Australia. 
Deplanche,  New  Caledonia 
Drege,  Cape  of  Good  Hope. 
Drummond,  North  America. 
Ecklon,  Cape  of  Good  Hope. 
Forbes,  Delagoa  Bay,  South  Africa. 
Galleotti,  Mexico. 
Gardner,  Brazil  and  Ceylon. 
Gerard,  Natal  and  Madagascar. 
Qlaziou,  Rio  de  Janeiro. 
Qoudot,  New  Granada  and  Madagascar. 
Griffith  and  Heifer,  East  Indies. 


Haenke,  Mexico. 

Harvey,  Cape  of  Good  Hope,  Friendly  Islands 

-  and  Australia. 
Heifer  (and  Griffith),  East  Indies. 
Heudelot,  Senegambia. 
Hillebrand,  Sandwich  Islands. 
Hohenacker,  Canara,  India. 
Horsfield,  Java. 

Hostmann,  Surinam,  South  America. 
Irvine,  Abbeokuta,  West  tropical  Africa. 
Jenkins,  Assam. 
Junghuhn,  Sumatra. , 
Kotschy,  Sennar,  East  tropical  Africa. 
Erauss,  South  Africa  and  NataL 
Lindheimer,  Texas. 
M^Een,  Natal  and  Madagascar. 
Mac  Owan,  Cape  of  Good  Hope. 
Maingay,  Malay  Peninsula. 
Mann,  Guinea. 
March,  Jamaica. 
Miers,  Brazil. 
Motley,  Borneo. 
Niven,  Cape  of  Good  Hope. 
Oldham,  Japan  and  Formosa. 
Pancher,  New  Caledonia. 
Pervill^,  Madagascar  and  Seychelles. 
Plfe,  Martinique. 
Poeppig,  Brazil,  &c. 
Pohl,  Brazil. 
Regnell,  Brazil 
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Remy,  Sandwich  Islands. 

Richard,  Madagascar  and  Bourbon. 

Ritchie,  East  India. 

Rugel,  Cuba. 

Sagot,  Cayenne. 

Saint  Hilaire,  Brazil. 

Sanderson,  Cape  of  Good  Hope  and  Natal. 

Schimper,  Abyssinia. 

Schlim,  New  Granada. 

Schomburgk,  Siam  and  Guiana. 

Schott,  Brazil. 

Schweinfurth,  Gallabat,  East  tropical  Africa. 

Seemann,  Fiji  Islands  and  China. 

Sello,  Brazil. 

Sieber,  Cape  of  Good  Hope  and  Mauritius. 

Spruce,  Brazil. 


Thwaites,  Ceylon. 

Trecul,  Texas. 

Triana,  New  Granada. 

Vieillard,  New  Caledonia. 

Wallich,  East  India. 

Wawra,  Mexico. 

Weddell,  Brazil. 

Welwitsch,  Angola. 

Wight,  East  India. 

Wilford,  China,  &c. 

Wright,   China,  Japan,  Cape   of  Good  Hope, 

Cuba,  &c. 
Xantus,  Lower  California. 
Zeyher,  Cape  of  Good  Hope. 
Zollinger,  Java. 


1828—1832.     WaUicKs  Numerical  List  of  East  India  Plants. 


No.  4115. 

Biospyros  montana.  Roxb. 

No.  4135. 

4116. 

Diospyros  cordifolia^  Bozb. 

4136. 

4117. 

Diospyros  sylvatica,  Roxb. 

4137. 

4118. 

Diospyros  cbloroxylon,  Boxb. 

4119. 

Diospyros  ramiflora,  Roxb. 

4138. 

4120. 

Diospyros  Ebenum,  KSnig. 

4139. 

4121. 

Diospyros  stricta,  Roxb. 

4140. 

4122. 

Diospyros  lanceolata,  Roxb. 

4141. 

4123. 

Diospyros  Embryopteris,  Pers. 

4142. 

4124. 

Diospyros  oblonga,  Wall. 

4143. 

4125. 

Diospyros  frondosa,  Wall,  {exclud- 

4144. 

ed). 

4145. 

4126. 

Diospyros  venosa,  Wall,  {excluded). 

4406. 

4127. 

Diospyros  lucida,  Wall 

4407. 

4128. 

Diospyros  oleifolia,  Wall. 

6350. 

4129. 

Diospyros   acuminata,   Wall,    {ex- 

6351. 

cluded). 

7295. 

4130. 

Diospyros  vaccinioides,  LindL 

7461. 

4131. 

Diospyros  discolor,  Willd. 

7535. 

4132. 

Diospyros  pilosula,  Wall. 

9061. 

•    4133. 

Diospyros  tomentosa,  Roxb. 

4134. 

Diospyros  Roylii,  Wall. 

Diospyros  chartacea,  Wall. 
Diospyros  undulata.  Wall. 
Diospyros   ehretioides.   Wall   and 

var,  mollis,  Wall. 
Diospyros  heterophylla.  Wall. 
Diospyros  amcena.  Wall. 
Diospyros  densiflora>  Wall. 
Diospyros  macrophylla>  Wall. 
Diospyros  grata,  Wall. 
Diospyros  foliolosa,  Wall. 
Diospyros  multiflora.  Wall. 
Maba  buxifolia,  Fers. 
Diospyros  Wightiana,  Wall. 
Diospyros  dubia,  Wall. 
Diospyros  Sapota,  Roxb. 
Diospyros  nigricans,  Wall. 
Diospyros  flavicans. 
Maba  buxifolia,  Pers. 
Maba  buxifolia,  Pers. 
"  Ebenacea"  est  Erycibe  glomerata. 

Wall,  {excluded). 
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Thtvaites.    Enumeration  of  Ceylon  plants,  1868—1864. 

to  Dr  ThwaiUs*  hook,) 


No.  382. 

477. 

1815. 

1816. 

1908. 
1909. 
1910. 

1911. 
1912. 
1913. 
1914. 
1915. 
1916. 

1917. 

2437. 
2438. 
2439. 
2514. 


{The  pages  refer 
Diospyros  hirsuta,  Linn.  fil.    p.  181. 
Maba  buxifolia,  Pers.    p.  183. 
Diospyros  ovalifolia,  Wight,   p.  181. 
Diospyros   ovalifolia,  Wight     pp. 

459,  181. 
Diospyros  Gardneri,  Thw.    p.  181. 
Diospyros  cordifolia,  Roxb.    p.  178. 
Diospyros   Embryopteris,  Thw.  7. 

nervosa,  p.  178. 
Diospyros  Toposia,  Ham.  p.  179. 
Diospyros  Ebenum,  Retz.  p.  180. 
Diospyros  Ebenum,  Retz.  p.  180. 
Diospyros  oocarpa,  Thw.  p.  180. 
DiospyrosEmbryopteris,Pers.p.l78. 
Maba  buxifolia,    Fers.   /9.    micro- 

phylla.     p.  183. 
Maba  buxifolia,  Pers.  S.  angustifo- 

lia.     p.  183. 
Diospyros  Ebenum,  Retz.    p.  180. 
Diospyros  crumenata,  Thw.    p.  179. 
Diospyros  Ebenum,  Retz.     p.  180. 
Diospyros  Toposia,  Ham.     pp.  462, 

179. 


No.  2533. 
2729. 
2730. 
2731. 

2833. 
2836. 
2924. 
3010. 
3011. 
3394. 

3395. 

3396. 

3476. 
3477. 
3478. 
3717. 
3718. 

3774. 


Diospyros  ovalifolia,  Wight,   p.  181. 
Diospyros  sylvatica,  Roxb.    p.  178. 
Diospyros  insignis,  Thw.     p.  180. 
Diospyros  Embryopteris,  Pers.   fi, 

atrata.     p.  178. 
Diospyros  Moonii,  Thw.     p.  182. 
Diospyros  pruriens,  Dalz.    p.  423. 
Diospyros  aflBnis,  Thw.    p.  179. 
Diospyros  quaesita,  Thw.    p.  180. 
Diospyros  oppositifoHa,  Thw.  p.  181. 
Diospyros  CandoUeana,  Wight,    p. 

181. 
Maba  buxifolia,  Pers.  7.  Ebenus. 

p.  183. 
Macreightia  oblongifolia,  Thw.    p. 

183. 
Diospyros  acuta,  Thw.    p.  182. 
Diospyros  insignis,  Thw.     p.  180. 
Diospyros  attenuata,  Thw.    p.  182. 
Macreightia  ovalifolia,  Thw.  p.  424. 
Macreightia   acuminata,  Thw.     p. 

424. 
Diospyros  montana,  Roxb.    p.  423. 


1862 — 3.    Kew  Distribution.    Hb.  Griffith  and  Helper.    East  Indies. 

No.  423.  Diospyros  flavicans. 

454.  Diospyros  flavicans. 

3616.  Diospyros  Lotus,  L. 

3617.  Diospyros  chloroxylon,  Roxb. 

3618.  Maba  merguensis,  H. 

3619.  Diospyros  undulata,  Wall 

3621.  Diospyros  Ebenum,  Konig. 

3622.  Diospyros  Toposia,  Hamilt. 

3623.  Diospyros  flavicans. 

3624.  Diospyros  stricta,  Roxb. 

3625.  Diospyros  argentea,  Griff. 

3626.  Diospyros  Embryopteris,  Pers. 

3626  (1).     Diospyros  melanoxylon,  Roxb. 

3627.  Diospyros  Embryopteris,  Pers. 

3627  (1).     Diospyros  cordifolia,  Roxb. 

3628.  Diospyros  nigricans,  Wall. 
Vol.  XII.  Part  I. 


No.  3629.(?)  Diospyros 

undulata.  Wall. 

3630. 

Diospyros  melanoxylon,  Roxb. 

3631. 

Diospyros  lanceajfolia,  Roxb. 

3632.( 

[?)Diospyros  hirsuta,  Linn.  fiL 

3633. 

Diospyros 
(cult). 

Kaki,  Linn.  fil.     Bootan 

3634. 

Diospyros 

lanceaBfolia,  Roxb. 

3635. 

Diospyros 

Ebenum,  Konig,  var. 

3636. 

Diospyi-08 

undulata.  Wall. 

3637. 

Diospyros 

hirsuta,  Linn.  fil. 

3638. 

Diospyros 

octandra. 

3639. 

Diospyros 

flavicans. 

3640.(?)  Diospyros 

flavicans. 

3641. 

Maba  buxifolia,  Pers.  var. 

3643. 

Diospyros 

vaccinioides,  Lindl. 
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1866 — 7.    Kew  Distribution.    Hb.  Wight.    East  Indies. 

No.  1711  bis.    Diospyros  Embryopteris,  Pers.    Ceylon.    March,  1836. 

1712.  Diospyros  chloroxylon,  Roxb. 

1713.  Diospyros  montana,  Roxb.     Courtallum.     April,  1835. 

1714.  Diospyros  EboDum,  Konig.     Malacca. 

1715.  Diospyros  hirsuta,  LiDn.  fiL    Dec.  1835. 

1716.  Diospyros  auriculata,  Wight. 

1717.  Diospyros  montana>  Roxb.     1835. 

1718.  Diospyros  obovata,  Wight  (excluded). 

1719.  Diospyros  chloroxylon,  Roxb. 

1720.  Diospyros  ovalifolia,  Wight.     Madras.     1836,  1845. 

1721.  Diospyros  melanoxylon,  Roxb. 

1722.  Diospyros  orixensis,  Wight. 

1723.  Diospyros  melanoxylon,  Roxb.     Calicut.     1846. 

1724.  Diospyros  montana,  Roxb.     1849. 

1725.  Diospyros  melanoxylon,  Roxb. 

1726.  Diospyros  montana,  Roxb.     1835. 

1727.  Diospyros  melanoxylon,  Roxb.     Subbulpore. 

1728.  Diospyros  hirsuta,  Linn.  fil.    Mangalore.     March,  1862. 

1729.  Maba  buxifolia,  Pers. 

1730.  Maba  buxifolia,  Pers.  S. 

1731.  Maba  buxifolia,  Pers.  S,  Courtallum  and  Coonmore.     1846. 


Dr  Mainqay's  Malat  plants. 

966.  Diospyros  buxifolia.    Malacca. 

967.  Diospyros  oblonga,  Wall.     Singapore. 

968.  Diospyros  argentea^  Griff.    Malacca. 

969.  Diospyros  hirsuta^  Linn.  fil.  va/r.    Malacca. 

970.  Diospyros  sp. 

970  (2).  Diospyros  discolor,  Willd.    Pulo  Ticus. 

971.  Diospyros  Ebenum,  Konig,  var.    Malacca. 

972.  Diospyros  fiavicans.    Malacca. 

973.  Diospyros  hirsuta^  Linn.  fil.    Malacca. 

974.  Diospyros  undulata,  Wall    Malacca. 

975.  Diospyros  Ebenaster,  Retz.    Malacca  (cult). 

976.  Maba  Maingayi.    Malacca. 

977.  Diospyros  undulata^  Wall    Malacca. 

978.  Diospyros  sp. 

979.  Maba  buxifolia,  Pers.    Malacca. 
1514.  Diospyros  apiculata.    Penang. 
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No.  389.  Canara,  India. 
591.  Canara,  India. 
869.    Canara,  India. 


1849.     Maba  nigrescens,  Dalz. 

1847  (or  1849).     Diospyros  hirsuta,  Linn.  fiL 

1851.     Diospyros  Embryopteris,  Pers. 

RrrcHiK. 


No.     85.  Moollis,  India.     1853.     Maba  nigrescens,  Dalz. 

96.  Ram  Ghaut  and  Phoondu  Ghaut,    India.    1850 — 3.    Diospyros  hirsuta,  Linn.  fil. 

970.  India.     1853.     Diospyros  montana,  Roxb. 

972.  India.     1853.    Diospyros  inontana,  Roxb. 

1108.  Belgaum,  India.    Diospyros  melanoxylon,  Roxb. 

1240.  India.     1853.     Diospyros  montana^  Roxb. 

1831.  India.    Diospyros  Embryopteris,  Pers. 

1833.  Bombay.    Diospyros  pruriens,  Dalz. 

1884.  Canara,  India.     1853.     Diospyros  paniculata,  Dalz. 

Jenkins. 

277.    Upper  Assam.    Diospyros  Embryopteris,  Pers. 
Assam.     (See  under  Diospyros  ZoUingerL) 

Ibvine. 
No.  141.    Abbeokuta.    Diospyros  senensis,  Kl. 

KOTSCHT. 

394.    Sennar  (1836 — 8).    Diospyros  mespiliformis,  Hochst. 
470.    Sennar  (1836 — 8).    Diospyros  mespilifonxus,  Hochst. 

SCHWEINFUBTH. 

973.  Qallabat.    Diospyros  mespiliformis,  Hochst 

974.  Gallabat.    Diospyros  mespiliformis,  Hochst 


No.     290.  Niger. 

1208.  Niger. 

1220.  Niger. 

1334.  Niger. 

3250.  Niger. 

3251.  Niger. 
3390.  Niger. 

20194.  Niger. 


Barteb  (1857—8). 

Diospyros  senensis,  EIlotscL 
Diospyros  mespiliformis,  Hochflt 
Maba  ManniL 

Diospyros  mespiliformis,  Hochst 
Diospyros  seaensis,  EL 
Diospyros  sen^fisis,  EL 
Diodpyros  senensis,  EL 
Diospyros  Barted 
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Burton.    1863. 
Congo.    Diospyros  Loureiriana,  Q.  Don. 

Mann.    1861. 
No.  839.    Bagroo  river,  West  Tropical  Africa.     Maba  Mannii. 

924.    Gaboon  river,  West  Tropical  Africa.    Diospyros  Mannii. 

Heudelot.    1835 — 7. 
638.    Senegambia.    Diospyros  Hendelotii. 

Senegambia.    Diospyros  senegalensis,  Perrott. 

Beccari. 
56.     Keren.    Upper  Nubia  or  Abyssinia.     1870.    Maba  abyssinica. 

SCHTMPER. 

Sect.  i.      No.     159.  Abyssinia.  1837.    Euclea  Kellau,  Hochst 

ii.  655.  Abyssinia.  1840.    Diospyros  mespiliformis,  Hochst. 

iL  1078.  Abyssinia.  1838.     Euclea  Kellau,  Hochst. 

ii.  1243.  Abyssinia.  1838.     Diospyros  mespiliformis,  Hochst. 

ii.  1527.  Abyssinia.  Euclea  Kellau,  Hochst. 

iii.  1919.  Abyssinia.  1842.     Euclea  Kellau,  Hochst. 

913.  Abyssinia.  1852.    Euclea  Kellau,  Hochst. 

1080.  Abyasinia.  Maba  abyssinica. 

1334.  Abyssinia.  1854.     Maba  abyssinica. 

80.  Abyssinia.  1862.     Euclea  Kellau,  Hochst. 

Gerard  and  M'Ken. 

No.      12.  Natal  Royena  cordata,  E.  Mey. 

28.  Madagascar.     Maba  buxifolia,  Fefs.  var, 

30.  Natal.  Royena  villosa,  L. 

33.  Euclea  lanceolata,  E.  Mey. 

92.  Natal.  Euclea  multiflora. 

99.  Natal  Royena  cordata,  E  Mey. 

110.  Natal.  Maba  natalensis,  Harv. 

129.  Natal  Royena  pallens,  Thunb. 

190.  ?  Cfir.  Diospyros  tozicaria. 

528.  Natal  Euclea  lanceolata,  E.  Mey. 

613.  Natal  Royena  villosa,  L. 

614.  Natal  Royena  villosa,  L. 

615.  Natal.  Royena  pallens,  Thunb. 
673.  Natal  Euclea  macrophylla,  E.  Mey. 
675.  Natal.  Maba  natalensis,  Harv. 
699.  Natal  Euclea  multiflora. 
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No.  1155.  Natal.    Euclea  lanceolata,  E.  Mey. 

1166.  NataL    Euclea  lanceolata,  £.  Mey. 

1157.  Natal.     Royena  pallens,  Thunb. 

1158.  NataL     Royena  nitens,  Harv. 
1238.  Natal.     Royena  pallens,  Thunb. 
1506.  NataL     Euclea  daphnoides. 

1604.  Tugela.    Cfr.  Euclea  macrophylla,  E.  Mey. 

1605.  Tugela.     Euclea  lanceolata,  K  Mey. 

1607.  Tugela.    Royena  pallens,  Thunb. 

1608.  Tugela    Royena  cordata,  E  Mey. 

1609.  Tugela.    Royena  scabrida,  Harv. 

1610.  Tugela.     Royena  pallens,  Thunb. 

1611.  Tugela.     Royena  pallens,  Thunb. 
2013.  Natal.     Royena  villosa^  L. 
2015.  Zulu-land.    Royena  parviflora. 


No.        1.  Cape  of  Good  Hope.     1860. 

35.  Cape  of  Good  Hope.     1860. 

44.  Cape  of  Good  Hope.     1860. 

186.  Cape  of  Good  Hope.     1860. 

212.  Cape  of  Good  Hope.     1860. 

272.  Cape  of  Good  Hope.     1860. 

306.  Cape  of  Good  Hope.     1860. 

408.  Cape  of  Good  Hope.     1863. 

418.  Cape  of  Good  Hope.     1860. 

1062.  Cape  of  Good  Hope.     1862. 

1157.  Natal.     1862.     Royena  pallens,  Thunb. 

1238.  NataL     1862.     Royena  pallens,  Thunb. 

1253.  Natal.     1862.    Euclea  multiflora. 

Cape  of  Good  Hope.     1862.     Royena  lucida,  L, 


Royena  villosa,  L. 
Royena  cordata,  E.  Mey. 


COOPEE. 

British  KafEraria. 
British  Eaffraria. 
Euclea  multiflora. 

British  Kafiraria.     Royena  cordata,  E.  Mey. 
Queenstown.     Royena  hirsuta,  L. 
Queenstown.     Royena  pallens,  Thunb. 
British  Kafiraria.    Royena  cordata,  E.  Mey. 
Eastern  Frontier.     Euclea  undulata^  Thunb. 
Queenstown.    Royena  pallens,  Thunb. 
Oi-ange  Free  State.    Royena  lucida,  L. 


Mac  Owan. 


269.    Cape 

309.    Cape 

429.     Cape 

516.    Cape 

527.    Cape 

902.    Cape 

1646.    Cape 

Cape 

Cape 


of  Good 
of  Good 
of  Good 
of  Good 
of  Good 
of  Good 
of  Good 
of  Good 
of  Good 


Hope. 
Hope. 
Hope. 
Hope. 
Hope. 
Hope. 
Hope. 
Hope. 
Hope. 


Comm.  1867. 


Comm.  1865. 
Comm.  1867. 
Comm.  1867. 
Comm.  1870. 
Comm.  1865. 


Royena 

Royena 

Royena 

Royena 

Royena 

Euclea 

Royena 

Euclea 

Euclea 


hirsuta,  L. 
lucida,  L. 
cordata,  E.  Mey. 
villosa,  L. 
cordata^  E.  Mey. 
lanceolata,  E.  Mey. 
pallens,  Thunb. 
undulata,  Thunb. 
multiflora. 
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NiVEN  (179^—1803). 

No.  46.    Cape  of  Good  Hope.    Euclea  pseudebenus,  E.  Mey. 

47.  Cape  of  Good  Hope.    Euclea  polyandra,  E.  Mey. 

48.  Cape  of  Good  Hope.    Royena  glabra,  L. 

61.     Cape  of  Good  Hope.    Royena  pallens,  Thunb. 
53.    Cape  of  Good  Hope.    Euclea  polyandra,  E.  Mey. 

SlEBER. 

94.    Cape  of  Good  Hope.     1824.    Royena  glabra^  L. 
Suppl.  29.     Mauritius.    Diospyros  discolor,  Willd. 

Athebstonb. 

2.    Namaqualand.     S.  Africa.    Euclea  pseudebenus,  £.  Mey. 
461.    Cape  of  Good  Hope;    Euclea  macroj^ylla^  £.  Mey. 

Haevey. 

544.  Cape  of  Good  Hope.  Royena  pallens,  Thunb. 

574.  Cape  of  Good  Hope.  Euclea  racemosa^  L. 

575.  Cape  of  Good  Hope.  Euclea  lanceolata,  E.  Mey. 
690.  Cape  of  Good  Hope.  Euclea  lanceolata,  E.  Mey. 

Friendly  Islands.     1855.    Diospyros  samoensis,  A.  Gr. 
New  South  Wales.    Diospyros  australis. 

EoRBES  (1822—3). 
34.    Delagoa  Bay.    Diospyros  rotundifolia. 
56.    Delagoa  Bay.    Euclea  diyinorum. 

Bolus. 
638.    Graaf  Reinet.    Euclea  coriaoea,  Alph.  DC. 


Zetheb  (1840—    ). 

767. 

Cape  of  Good  Hope. 

Euclea  multiflora. 

778. 

Cape  of  Good  Hope. 

Euclea  multiflora. 

3348. 

Cape  of  Good  Hope. 

Royena  pallens,  Th. 

3349. 

Cape  of  Good  Hope. 

Royena  glabra^  L. 

3350. 

Cape  of  Good  Hope. 

Royena  hirsuta,  L. 

3351. 

Cape  of  Good  Hope. 

Royena  hirsuta^  L. 

3352. 

Cape  of  Good  Hope. 

Royena  lucida,  L. 

3353. 

Cape  of  Good  Hope. 

Royena  pallens,  Th. 

3354. 

Cape  of  Good  Hope. 

Royena  pallens,  Th. 

3355. 

Cape  of  Good  Hope. 

Euclea  lanceolata. 
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No.  3356.  Cape  of  Good  Hope.  Euclea  racemosa^  L* 

3357.  Cape  of  Good  Hope.  Euclea  lanceolata^  E.  Mej. 

3358.  Cape  of  Good  Hope.  Euclea  undulata^  Th. 

3359.  Cape  of  Good  Hope.  Cfr.  Euclea  lanceolata.     Leaves  wide. 

3360.  Cape  of  Good  Hope.  Euclea  polyandra^  £  Mey.  or  E.  sp." 

3361.  Cape  of  Good  Hope.  Euclea  multiflora. 

3362.  Cape  of  Good  Hope.  Euclea  polyandra^  £  Mey. 

3363.  Cape  of  Good  Hope.  Euclea  polyandra^  E.  Mey. 

3364.  Cape  of  Good  Hope.  Euclea  polyandra,  E.  Mey. 


ECELON  AlTD  ZETHEE. 

1123.  Cape  of  Good  Hope.  Euclea  lanceolata,  E.  Mey. 

1124.  Cape  of  Good  Hope.  Cfr.  Euclea  undulata,  Thunh. 

1125.  Cape  of  Good  Hope.  Euclea  linearis,  Zeyh. 

1126.  Cape  of  Good  Hope.  Royena  ambigua,  Vent 

1127.  Cape  of  Good  Hope.  Boyena  pallens,  Th. 


Dregb  (1826—34). 
9140.    Cape  of  Good  Hope.    Euclea  coriaoea,  Alph.  DC. 

Sanderson. 
« 
140.    Cape  of  Good  Hope.    1860.    Royena  pallens,  Thunb. 

150.  NataL    Royena  viUosa^  L. 

818.  Cape  of  Good  Hope.    1860.    Royena  pallens,  Thunb. 

511.  Cape  of  Good  Hope.     1860.    Royena  pallens,  Thunb. 

627.  Natal.     1860.    Royena  pallens,  Thunb* 

613.  Natal.    1864.    Royena  villosa^  L. 

715.  NataL    Royena  villosa,  L. 

717.  Natal.    Royena  pallens,  Thunb. 

Krauss  (1838—40). 

226.  NataL    Royena  yillosa,  L. 

423.  S.  Africa.    Royena  pallens,  Thunb. 

472.  Natal.    Royena  villosa^  L. 

482.  NataL    Royena  villosa,  L. 

1719.  S.  Africa.    Royena  hirsuta^  L. 

1721.  S.  Africa.    Royena  pallens,  Thunb. 
S.  Africa.    Royena  glabra,  L. 
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Db  Welwitsch,  Angola,  1853—1860. 

No.  1247.  Pungo  Andongo.    Cfr.  Euclea  lanceolata,  E.  Mey. 

1255.  Huilla.     Cfr.  Royena  pallens,  Thunb. 

1257.  Huilla    Euclea  mult'flora. 

1258.  Huilla.    Euclea  multiflora. 

2527.  Congo.    Maba  buxifolia,  Pers.  7.  Ebenus,  Thw. 

2528.  Congo.     Diospyros  mespiliformis,  Hochst. 

2529.  Golungo  Alto.     Diospyros  mespiliformis,  Hochst. 

2530.  Bumbo.     Diospyros  mespiliformis,  Hochst. 

2531.  Pungo  Andongo.     Diospyros  (?)  platyphylla,  Welw. 

2532.  Pungo  Andongo.     Boyena  cistoides,  Welw. 

2533.  Huilla.     Royena  pallens,  Thunb. 

2534.  Huilla     Royena  pallens,   Thunb. 

2535.  Golungo  Alto.     Diospyros  Loureiriana,  Don. 

2536.  I.  St  Thom^.     Ebenacea  (?). 

2537.  Golungo  Alto.     Diospyros  Dendo,  Welw. 

2538.  Golungo  Alto.    Diospyros  Dendo,  Welw. 

2539.  Golungo  Alto.     Maba  Mualala,  Welw. 

2540.  Golungo  Alto.     Maba  Mualala,  Welw. 

2541.  Golungo  Alto.     Maba  Mualala,  Welw. 

2542.  Loanda.     Maba  Mualala,  Welw. 

2543.  Mossamedes.     Euclea  pseudebenus,  E.  Mey. 

2544.  Mossamedes.     Euclea  pseudebenus,  E.  Mey. 

2545.  Benguela.     Euclea  lanceolata,  E.  Mey.  a. 

2546.  Mossamedes.     Euclea  lanceolata,  E.  Mey.  a. 

2547.  Mossamedes.     Euclea  lanceolata,  E.  Mey.  a. 

2548.  Bumbo  and  Golungo  Alto.     Euclea  lanceolata,  E.  Mey.  a. 

2549.  MumpuUa,  Huilla.     Euclea  lanceolata,  E.  Mey.  a. 

2550.  MumpuUa,  Huilla.     Euclea  lanceolata,  E.  Mey.  fi, 

2551.  Huilla.     Euclea  lanceolata,  E.  Mey.  fi, 

2552.  Huilla.     Euclea  lanceolata,  E.  Mey.  fi, 

2553.  Huilla.     Cfr.  Euclea  lanceolata,  E.  Mey. 
2555.  Huilla.     Euclea  multiflora. 

2557     Huilla.     Euclea  multiflora. 

BuRCHELL.    Enumeration  of  South  African  Plants,  Dec.  5, 1810  to  March  30,  1815. 

No.        2.    Royena  glabra^  L.  No.  1696.     Royena  hirsuta,  L.  (R.  microphyl- 

897.     Euclea  racemosa,  Thunb.  la,  Burch.) 

745 — 1.    Royena  pallens,  Th.  (cult.)  1706.    Euclea  ovata,  Burch. 

807.  Euclea  racemosa,  L.  1750.    Royena  pallens,  Th.  (R.  deddua, 

808.  Royena  glabra,  L.  Burch.) 

987.    ?  Euclea  tomentosa^  E.  Mey.  1792.    Euclea  undulata^  Th. 
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No.  2162.    Euclea  undulata,  Th.  var.  (E.  myr-     No.  4356. 

tina,  Burch.)  4501. 

2371.     Royena  pallens,   Th.  (R.  decidua,  4506. 

Burch.)  4807. 

2487—2.    Euclea  ovata,  Burch.  4835. 

2487—7.     Euclea  ovata,  Burch.  4873. 

2502.     Royena  hirsute,  L.  (R.  microphyl-  4880. 

la,  Burch.)  4898. 

2542.     Euclea  ovate,  Burch.  4907. 
2573.     Euclea  undulate,  Th.  var.  (E.  myr- 

tina,  Burch.)  4909. 

2920.     Euclea  ovate,  Burch.  4938. 

2930.     Royena  pallens,  Th.  4998. 

2943.     Euclea  undulate,  Th.  5093. 

3058—1.    Euclea  ovate,  Burch.  5256. 

3058—2.     Euclea  ovate,  Burch.  5367. 

3080.     Royena  pallens,  Thunb.  ex  Harv.  5415. 

(Sond.)  mss.  5490. 

3102.     Euclea  ovate,  Burch.  5529. 

3168.     Euclea  undulate,  Th.  5632. 

3219.     Euclea  racemosa,  L.  5648. 

3301.    Royena  pallens,  Th.  5784. 

3325.     Royena  pallens,  Th.  6054. 
3396.     Royena  pallens,  Th. 

3472.     Royena  pallens,  Th.  6490. 

3510.     Euclea  multiflora.  6788. 

3572.     Euclea  multiflora.  6813. 

3673.     Royena  villosa,   L.    (R.    scandens^  6941. 

Burch.  ms.)  7186. 

3789.     Royena  pallens,  Th.  7198. 

3793.     Royena  villosa,   L.    (R.   scandens,  7208. 

Burch.  ms.)  7288. 

3806.     Euclea  racemosa,  L.  7446. 

3980.     Euclea  multiflora.  7531. 

4166.     Royena  cordate,  E.  Mey.  7537. 

4184.     Royena  pallens,  Th.  8295. 
4186.     Royena  cordata,  E.  Mey. 


Euclea  daphnoides. 

Royena  pallens,  Th. 

Royena  villosa,  L. 

?  Euclea  polyandra,  E.  Mey. 

Euclea  multiflora. 

?  Euclea  polyandra,  E.  Mey. 

Euclea  lanceolate,  E.  Mey. 

Royena  hirsuta,  L. 

Royena  cordate,  E.  Mey.    (R.  su- 

pracordate,  Burch.  ms.) 
Euclea  daphnoides. 
Euclea  lanceolata^  E.  Mey. 
?  Euclea  polyandra,  E  Mey, 
Royena  glabra,  L. 
Royena  lucida,  L. 
Royena  glabra,  L. 
Royena  lucida,  L. 
Royena  pallens,  Th. 
Royena  pallens,  Th. 
Royena  pallens,  Th. 
Euclea  lanceolate,  E.  Mey. 
Royena  glabra,  L. 
?  Royena  villosa,  L.  (Royena  scan- 
dens? Burch.  ms.) 
Royena  pallens,  Th. 
Royena  glabra,  L. 
Royena  pallens,  Th. 
Euclea  polyandra,  E.  Mey, 
Royena  glabra,  L. 
Euclea  undulate,  Th. 
Royena  glabra,  L. 
Royena  glabra,  L. 
Royena  hirsuta,  L. 
Royena  hirsute,  L. 
Royena  hirsuta,  L. 
Euclea  racemosa,  L. 


BuRCHELL.    Enumeration  of  Brazilian  Plants,  April  10, 1828 — Dec.  30, 1829. 


6970.     Maba  sericea. 

6986 — 2.     Maba  sericea. 

6994.     Dioepyros  hispida,  Alph.  DC. 

7437.    Diospyros  hispida,  Alph.  DC. 

Vol.  XII.  Part  I, 


8396.  Diospyros  hispida,  Alph.  DC. 

9275.  Diospyros  subroteta. 

9923.  Diospyros  subroteta. 

9952.  Diospyros  subrotai;a. 
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Pervill^  (1837—41). 

No,       6.  Madagascar.     Tetraclis  clusisefolia. 

36.  Seychelles.     1841.     Maba  Seychellarum. 

275.  Nossibe,  Madagascar,  1841.     Diospyros  gracilipes. 

439.  Nossibe,  Madagascar.     Diospyros  haplostylis,  Boiv. 

505.  Nossibe,  Madagascar.     Diospyros  haplostylis,  Boiv. 

525.  Nossibe,  Madagascar.     1841.     Diospyros  Pervillei. 

640.  Seychelles  and  Ambongo.     1841.     Diospyros  platycalyx. 

700.  Nossibe,  Madagascar.     1841.     Maba  buxifolia,  Pers. 
Madagascar.     1841.     Maba  diffusa. 

Bernier,  1834 — 5. 

112.  Madagascar.     1834.     Maba  buxifolia,  Pers.  var, 

113.  Madagascar.     Diospyros  Bemieri. 

Richard  (about  1837). 
36.     Madagascar.    Diospyros  calophylla. 
388.     Madagascar.     Tetraclis  clusiaefolia. 

Bourbon.     Diospyros  melanida?  Poir. 

Chapelier. 

82.     Madagascar.    Diospyros  gracilipes. 

Madagascar.     Diospyros  leucomelas,  Poir. 
Madagascar.     Diospyros  squamosa,  Boj. 

Xantus. 
68.     Lower  California.     Maba  intricata. 


47.    Mexico. 


Haenke  (1790—1817). 
Maba  albens. 


Wawra. 
168.    Mexico.     Maba  albens. 
226.     Mexico.     Cfr.  Diospyros  velutina. 
249.     Mexico.     Cfr.  Diospyros  Ebenaster,  Retz. 
1029.     Mexico.     Diospyros  Ebenaster,  Retz. 

BoNPLAND  (1799—1803). 

3846.    Guayaquil.    Maba  inconstans,  Griseb. 
3984.    Mexico.    Cfr.  Diospyros  Ebenaster,  Retz. 
Mexico.     1803.    Maba  acapulcensis. 
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POHL  (about  1817). 

No.     455.     Brazil     Diospyros  coccolobaefolia,  Mart. 
1980.     Brazil.     Maba  inconstans,  Griseb. 
4568  (Schott).     Brazil.     Diospyros  brasiliensis,  Mart. 

Sello  (1819). 

1211.     Brazil.  Maba  inconstans,  Oriseb. 

1689.     Brazil  Maba  inconstans,  Griseb. 

2301.     Brazil.  Maba  inconstans,  Griseb. 

Brazil.  Maba  capreaefolia,  Mart. 

Schott,  1817.    Cfr.  Pohl. 

BOTTERI. 

909.    Mexico.     1855.    Diospyros  brasiliensis,  Mart. 

Galleotti. 
4609.    Mexico.     (1835 — 40).     Diospyros  brasiliensis,  Mart. 

Weddell. 

577.     Brazil.     Diospyros  Weddellii. 

Brazil.     (1843 — 4).    Maba  inconstans,  Griseb. 

Regnell. 
iii.  1516.    Brazil  (before  1843).     Maba  inconstans,  Griseb. 

Claussen  (about  1812). 

67.  Brazil.  Diospyros  sericea,  Alph.  DC. 

147.  Brazil.  Cfr.  Diospyros  velutina. 

464.  Brazil.  Diospyros  sericea,  Alph.  DC.  ex  Mart. 

478.  Brazil.  Diospyros  hispida,  Alph.  DC. 

1062.  Brazil.  Diospyros  sericea,  Alph.  DC. 

1063.  Brazil.  Cfr.  Diospyros  velutina. 

Berlandier,  1827—30. 
3030.     Mexico.    Diospyros  texana,  Scheele. 
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Trecul. 
1249.    Texas.    Diospyros  texana,  Scheele. 
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Drummond  (1825—35). 

No.     204  bis.    N.  America.     Diospyros  virginiana,  L. 
ii.  201.     Texas.     Diospyros  texana,  Scheele. 
iii.  329.    Texas.    Diospyros  texana,  Scheele. 

LiNDHEIMER   (1843 —      ). 

iii.  451.  Texas.  Diospyros  texana,  Scheele. 
iii.  452.  Texas.  Diospyros  texana,  Scheele. 
iiL  453.    Texas.     Diospyros  texana,  Scheele. 

RUGEL. 

662.    Cuba.     Maba  caribsea. 

Plee  (1820—7). 
762.     Martinique.     Maba  inconstans,  Griseb. 

Wright. 

64.  Hong  Kong.  Diospyros  eriantha.  Champ. 

189.  Loo  Choo  I.  Cfr.  Diospyros  Lotus,  L.  and  Diospyros  maritima,  Blum. 

312.  Hong  Kong.  Diospyros  vaccinioides,  Lindl. 

313.  Hong  Kong.  Diospyros  Morrisiana,  Hance. 

348.  Japan.     Diospyros  Kaki,  L.  f.    Cuba.     D.  tetraspenna,  Sw. 

423.  New  Mexico.     Diospyros  texana,  Scheele. 

1331.  Cuba.     Maba  caribaea. 

2936.  Cuba.    Diospyros  halesioides,  Griseb. 

2937.  Cuba.    Diospyros  halesioides,  Griseb. 

2938.  Cuba.    Maba  Grisebachii. 

Cape  of  Good  Hope.    Euclea  racemosa,  L. 

Spruck    1851—56. 

1516.  Brazil.     1851.     Diospyros  Paralea,  Steud. 

1528.  Brazil.     1851.    Diospyros  polyandra,  Spr. 

1913.  Brazil.     1851.     Diospyros  emarginata. 

193a  Brazil.     1851.     Diospyros  Poppigiana,  Alph.  DC. 

2542.  Brazil.     1852.    Maba  myristicoides. 

2635.  Brazil.     1852.     Diospyros  PSppigiana,  Alph.  DC. 

2701.  Brazil     1852.     Diospyros  glomerata,  Spr. 

3138.  Columbia.     1853.     Diospyros  Sprucei. 

3159.  Brazil.     1853.     Diospyios  Paralea,  Steud. 

3166.  Brazil.     1853.    Diospyros  polyandra,  Spr. 

4411.  Peru.  1855 — 6.    Diospyros  peruviana. 
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Gardner. 

No.  1412.  Brazil.  1838.  Diospyros  gaultherisefolia,  Mart. 

1511.  Brazil.  1838.  Diospyros  coccolobsefolia.  Mart 

1512.  Brazil.  1838.  Diospyros  velutina. 
2284.  Brazil.  1839.  Diospyros  velutina. 
2813.  Brazil  1839.  Diospyros  ovalis. 

531.  Ceylon.     Diospyros  Embryopteris,  Pers. 

532.  Ceylon.    Diospyros  Gardneri,  Thw. 

533.  Ceylon.     Diospyros  Toposia,  Ham. 
Mauritius.     Diospyros  nodosa^  Poir.  var. 
Mauritius.     Diospyros  chrysophyllos,  Poir. 

Sagot. 
1253.     Cayenne.     1859.     Diospyros  Paralea,  Steud. 

SCHOMBURGK.  , 

116.     Siam.     Diospyros  Embryopteris,  Pers. 
1492.     British  Guiana  (1864).    Diospyros  Paralea,  Steud. 

HOSTMANN. 

547.     Surinam  (1843).    Diospyros  Paralea,  Steud. 

March. 
1190.    Jamaica.     1858.    Diospyros  tetrasperma,  Sw. 

POEPPIG  (1827—32). 

2266.     Maynas.     Diospyros  artanthaBfolia,  Mart. 
2639.     Brazil.     Diospyros  Poppigiana,  Alph.  DC. 

Blanchet  (before  1844). 

1886.    Brazil.    Diospyros  gaultherisefolia,  Mart. 
3358.     Brazil.     Diospyros  sericea,  Alph.  DC.  ex  Mart 

ScHUM  (W46— 52). 
698.     New  Granada.    Diospyros  peruviana, 

Triana. 

2612.  New  Granada.    Diospyros  velutina. 

2613.  New  Granada.    Maba  inconstans,  Griseb. 
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GOUDOT. 

No.       1.     S.  Martha.     Maba  inconstans,  Qriseb. 
3.     New  Granada.     Diospyros  Goudotii. 
Madagascar.     Diospyros  leucocalyx. 

Glaziou. 

1560.  Rio  de  Janeiro.     Diospyros  discolor,  Willd.  var, 

1561.  Rio  de  Janeiro.     Diospyros  discolor,  Willd.  var, 

St  Hilaire. 
375.    BrazU  (1816—22).     Maba  Hilairei. 

MiERS  (1831—8). 
3709.     Brazil.    Cfr.  Diospyros  velutina. 

Oldham. 

299.     Formosa.     1864.     Diospyros  Kaki,  L.  f.  var. 

528.  Japan.     1862.     Diospyros  Kaki,  L.  f. 

529.  Japan.     1862.     Diospyros  japonica,  Sieb.  et  Zucc. 

WiLFORD. 

423.     China.     1858.     Diospyros  vaccinioides,  LindL 
756.    Tsu-Siraa  I.,  Str.  Corea.     Diospyros  Kaki,  L.  f. 
Tsu-Sima  I.,  Str.  Corea.     Diospyros  Lotus,  L. 

A.  Cunningham. 

157.    N.  S.  Wales.     1818.    Diospyros  australis. 

284.    Australia.     1818.     Diospyros  cordifolia,  Roxb. 

306.     Rodds  Bay,  Australia.     1819.     Maba  geminata,  R.  Br. 

Australia,  Queensland.     Diospyros  hebecarpa,  A.  Cunn. 

Australia,  Brisbane  River.     1828.    Diospyros  pentamera. 

HoRSFiELD  (Ebenacese).     1802 — 18. 

1.  Java.  Diospyros  Horsfieldii. 

2.  Java.  Diospyros  Embryopteris,  Pers. 

3.  Java.  Cfr.  Diospyros  aurea,  Teijsm.  et  Binn. 

4.  Java.  Diospyros  truncata,  ZoU  et  Mor. 

5.  Java.  Cfr.  Diospyros  maritima,  Blume. 

6.  Java.  Cfr.  Diospyros  aurea,  TeijsnL  et  Binn. 

7.  Java.  Diospyros  Embryopteris,  Pers. 

8.  Java.  Diospyros  Embryopteris,  Pers. 
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Motley. 
No.       7.     Borneo  (Labuan).     Diospyros  bomeensis. 

205.  Borneo  (Labuan).     Maba  confertiflora. 
721.     Borneo  (1857—8).     Maba  Motleyi. 
766.     Borneo.     Maba  punctata. 

ZOLLINGEE   (1841—      ). 

1156.  Java.  Diospyros  truncata,  ZoU.  et  Mor. 

1516.  Java.  Diospyros  fnitescens,  Blume. 

1833.  Java.  Diospyros  maritima,  Blume. 

2651.  Java.  Diospyros  ZoUingeri. 

3247.  Java.  Diospyros  buxifolia. 

3438.  Java.  Diospyros  buxifolia. 

3467.  Java.  Maba  hermaphroditica,  ZolL 

3565.  Java.  Diospyros  Embryopteris,  Pers. 

Barber. 
167.    Borneo.    Maba  Motleyi. 

JUNGHUHN  (1835 — 6). 
719.     Sumatra.     Maba  sumatrana,  Miq. 

HiLLEBRAND. 

273.  Sandwich  Islands.     Maba  sandwicensis,  Alph.  DC. 

274.  Sandwich  Islands.     Maba  sandwicensis,  Alph.  DC. 
Sandwich  Islands.     Maba  Hillebrandii,  Seem. 

Remy. 

470.(?)Sandwich  Islands.     Maba  sandwicensis,  Alph.  DC. 

472.  Sandwich  Islands.     Maba  Hillebrandii,  Seem. 

473.  Sandwich  Islands.     Maba  sandwicensis,  Alph.  DC. 

Seemann. 

295.     Fiji  Islands.     1860.     ?Maba  sandwicensis,  Alph.  DC. 
2454.     S.  China.     1850.     Diospyros  vaccinioides,  Lindl. 

Deplanche  (1866—    ). 

31.    I.  Lifu,  Oceania.     Diospyros  Glen. 

48.    New  Caledonia.     Maba  fasciculosa^  F.  Muell. 

206.  New  Caledonia.     Maba  fasciculosa,  F.  Muell. 
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No.  311.  New  Caledonia. 

312.  New  Caledonia. 

446.  New  Caledonia. 

448.  New  Caledonia. 

449.  New  Caledonia. 


Maba  ruminata. 
Maba  rufa,  LabilL  var, 
Maba  rufa,  Labill. 
Maba  VieillardL 
Maba  Yieillardi. 


No.  890. 

891. 

892. 

893. 

894. 

895. 

896. 

897. 

898. 

899. 
2864. 
2869. 
2872. 
2873. 
2876. 
2877. 
2880. 


E^anala,  New 

New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 
New 


ViEILLARD  (1856—67). 
Caledonia  (1855 — 60).     Diospyros  macrocarpa. 
Caledonia.     Maba  rufa,  Labill. 
Caledonia.     Maba  rufa,  Labill, 
Caledonia.     Maba  elliptica,  Forst. 
Caledonia.     Maba  rufa,  Labill. 
Caledonia.     Maba  rufa,  Labill.  var. 
Caledonia.     Maba  rufa,  Labill. 
Caledonia.     Maba  Vieillardi. 
Caledonia.     Diospyros  Ebenum,  Koenig. 

Maba  fasciculosa,  F.  Muell. 

Maba  buxifolia,  Pers. 

Diosp3^os  hebecarpa,  Cunu. 

Cfr.  Maba  rufa,  Labill. 

Maba  buxifolia,  Pers. 

Maba  revoluta,  Vieill. 

Cfr.  Maba  buxifolia,  Pers. 

Maba  rufa,  Labill. 


Caledonia  (1855—60). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 

Caledonia  (1861—6). 


No.  249.  New  Caledonia. 
251.  New  Caledonia. 
301.     New  Caledonia. 

New  Caledonia. 

New  Caledonia. 


Pancher. 

Maba  buxifolia,  Pers.  var. 

Diospyros  macrocarpa. 

Maba  foliosa,  Rich. 

1862.     Maba  rufa,  Labill. 

Cfr.  Diospyros  Ebenum,  Koenig. 


R.  Brown.    Australia.    1802—5. 

Diospyros  rugosula,  R.  Br.     Carpentaria.     Groote  Island.     Jan.  15,  1S03. 

Car^llia  laxa>  R.  Br.     Carpentaria.     Jan.  4,  5,  1803. 

Cargillia  australis,  R.  Br.     Port  Jackson,  &c.     Nov.  1804. 

Maba  laurina,  R.  Br.     Cumberland  Islands.     Oct.  17,  1802. 

Maba  obovata,  R.  Br.     Carpentaria  Islands,  &c.     Nov.  17,  18,  1802. 

Maba  humilis,  R.  Br.     Broad  Sound.    Nov.  14,  1802. 

Maba  geminata,  R  Br.     Keppel  Bay.    August  10 — 12,  1802. 

Maba  littorea,  R.  Br.    N.  Coast  Bay.    March  3—6,  1803. 
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Uaba  reticulata,  R  Br.    Prince  of  Wales  Islands^  &a    Nov.  2 — 4»  1802.    Cumberland 

Islands.    Oct  16,  17,  1802. 
Maba  oompacta,  R.  Br.    N.  Cloast  Island.    Feb.  18,  21,  1803. 

CuMiNa  (1836—9). 

No.  1142.    Philippine  Islands.    1841.    Diospyros  philippinensis,  Alph.  DC. 

1496) 

i^OAi'    Philippine  Islands.    Diospyros  pellucida. 

1694.    Philippine  Islands.    1841.    Maba  Cumingiana,  Alph.  DC. 

1829.    Philippine  Islands.    1841.    Diospyros  multiflora,  Blanco,  non  Wall. 

Description  of  the  FawSLy. 

Ebenacea.    Vent.  TabL  regn.  veg.  il  p..  443  {food.  pier,  gen.)  ann.  vii  (1799), 
Juss.  in  Ann.  Mus.  v.  p.  417  (part)  (ann.  ziiL  1804), 
Br.  Prodr.  FL  Nov.  HolL  et  Van  Diem.  p.  524  (1810), 
Agardh,  class,  plant  p.  18  {part.)  (1825), 
Bartl.  Old.  nat.  plant  p.  161  (1830), 
Mart  conspect  regn.  veg.  p.  26  (1835), 
Perleb,  Clav.  class,  ord.  et  Fam.  p.  24  (1838), 
EndL  gen.  plant  pi  741  (1836—40), 
Alph.  DC.  Prodr,  viiL  p.  209  (1844), 
LindL  Veget  kingd.  ediL  iiL  p.  595  (1853), 
Griseb.  Grundr.  syst.  bot  p.  141  (1854), 
Agardh,  Theor.  syst.  plant  p.  128  t  x.  fig.  11—13  (1858), 
Le  Maout  et  Decaisne,  Trait  Gen.  bot  p.  222  (1868). 

Vacciniay  sect.  iiL  (part.)    Adans.  fam.  pL  ii.  p.  165  (1763) ; 

Ouaiacance,  Juss.    Gen.  plant,  p.  155  (eoicl.  pier,  gen.)  (1789) ; 

Bicames,  Giseke,  Praelect  p.  337  (paH.)  (1792) ; 

Diaspyri  (part),  Trattinnick,  gen.  pi.  meth.  Nat  disp.  p.  52  (1802) ; 

Ebenacem,  trib.  i.    Dioepyrea,  DC.  et  Dub.  Bot  GalL  i.  p.  320  (1828) ; 

Sapotacece,  c  Sapotea,  bb.  MimueopecB  (part),  Beich.  Pflanz.  p.  38  (1834) ; 

Ebenacem  (part.)  et  Styracea  (part.),  Meisn.  gen.  i.  p.  250,  il  p.  159  (1836 — 43); 

Ebenea,  Horan.    Tetract  Nat  p.  27  (1843) ; 

Dioepyracecd,  Voigt,  Hort.  Suburb.  Calcutt  p.  343  (1846). 

Ebesacrm. 
Charigteb  Obdinis. 

Flores  sapius  dumd,  rarius  hermaphroditi  vd  pdygami,  dicUamydei,  3 — 7''ineri 

Calyx  inferior,  eynaepaka,  persietens,  in  fiructu  ecepe  plus  minus  accretus. 

Corolla  eympetala,  regtdaris,  hypogyna,  decidua;  lobia  in  prcefloratione  wniOroree  cantor^ 
tie,  rariaeime  vaivatis. 

Floe  fMSCidus:  stamina  3 — oo,  distincta  vel  gemiruxta  vel  ad  baaim  phu  minus  con- 
nata,  ocyroUcB   Mris  altemct   vA  aUema  atgue  opposita,  imo   caroUa  inserta  vd  hypogyna 
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vd  partim  coroUd  pcurtim  toro  inserta.  Anthene  hasi  affixes,  liberw,  bilocidares,  soepius 
lineari'lanceoUitcB  et  longitudinaliter  dehiscentes;  connectivo  apice  scepiua  prodticto.  PoUen 
sphcericum  vd  dlipsoidevm,  IcBve.     Ovarium  acepius  ahortivum  vd  mdktm. 

Flos  femineus :  staminodia  0 — oo ,  scBpius  effoeta,  quam  in  mare  ecepitis  pauciora.  Ova- 
rium Ubervmy  integrum^  2 — 16-  loculare;  loculis  1-,  rariua  2-  ovulaMs.  Ovula  ex  apice  angvli 
irUerioria  pendula,  anatropa,  numero  dwplici  stylorum  vd  styli  loborum.  Stigmata  parva  vel 
patdim  dHatata,  emargiruUa. 

Fructus  baccatvs,  aJbortu  scBpe  pavd-locularis  et  tunc  mono-  vel  oligospermtis,  camosua 
vd  coriaoeiLS. 

Semina  pendtUa,  aHmminosa,  nervia  depressis  a  bad  ad  apicem  2  vel  3  percurea;  teetd 
lam,  coriaced. 

Albumen  copiosum,  cartilagineum,  osquahile  vel  interdvm  ruminatum. 

Embryo  dicotyledoneua,  axilis  vd  pavio  ohliguvs,  semine  dimidio  vel  dodrante  circiter 
brevier,  rectus  vel  leviter  curvatus;  radictdd  superd,  cylindricd;  cotyledonibus  fdiaceis,  owxtis 
vd  lanceolatis,  radiculam  svbcBquantibus  vel  excedentibus. 

Arbores  vel  frutices,  ligno  scepe  denso  gravi  duro  et  interdum  in  centra  nigro,  aucco  nan 
lacteo,  foliis  altemis  vd  rarius  avboppoaitis  vd  rariaaime  in  tribita  aubverticillatis,  aimplidlma, 
integerrimia,  exstipvlaceia,  acepiua  coriaceia.  Florea  axillares  vd  lateraiea,  cymoace  vel  aditarii, 
aliyi  camei  Jlaveacentea  vd  viridea  nwnqaam  ccarulei. 

Trees  or  shrubs,  never  herbs,  varying  in  height  from  a  few  inches  to  100  feet  or 
more.  Bark  various,  sometimes  quite  smooth  as  in  several  species  of  Royena  and  JEudea, 
in  other  cases  as  in  Dioapyroa  virginiana  deeply  scored  both  longitudinally  and  transversely. 
Wood  hard,  heavy  and  durable;  in  several  species,  namely  in  those  which  supply  ebony, 
very  dark  or  black  in  the  centre  and  paler  towards  the  circumference.  Sap  limpid,  not 
milky.  Leaves  in  most  cases  alternate,  often  distichous  or  with  an  angular  divergence 
of  fths,  rarely  opposite  or  sub-opposite  as  in  some  species  of  Eudea  and  Dioapyroa,  very 
rarely  verticillate  in  whorls  of  3  as  in  a  few  species  of  Eudea;  simple,  quite  entire, 
rarely  somewhat  sinuous  and  in  Eudea  ovata  minutely  crenulate;  usually  coriaceous  and 
opaque,  less  commonly  membranous  or  pellucid-punctate;  in  the  majority  of  species  elliptic 
or  oblong  and  often  acimiinate  at  apex;  midrib  usually  depressed  on  the  upper  surface, 
secondary  veins  pinnately  arranged  usually  remote  arching  within  the  margin  and  anastomosing ; 
tertiary  veins  obscure  or  manifest,  often  transverse  to  the  midrib,  or  in  various  directions; 
petioles  usually  short,  rarely  long  or  obsolete.  Leaves  evei^green  or  deciduous,  in  most 
cases  pubescent  at  least  when  young,  often  shining  on  the  upper  surface.  The  general 
appearance  of  the  foliage  places  the  family  in  that  type  of  vegetation  which  Grisebach 
names  after  the  Bay-laurel.  Inflorescence  cymose,  usually  in  the  axils  of  the  younger 
leaves,  sometimes  with  solitary  flowers  as  in  some  species  of  the  genus  Dioapyroa  in  most 
species  of  the  genus  Boyena  and  in  the  female  plants  of  many  other  species  of  the 
family;  or  occasionally  lateral  on  the  older  branches  as  in  Maba  cauUflora,  Dioapyroa 
caulifiora,  Dioapyroa  ramifiora  and  Dioapyroa  Diepenhoratii ;  in  most  species  more  or  less 
pubescent  or  tomentose  and  often  ferruginoud.  Bracts  usually  present,  and  in  many  cases 
bract^oles  also;  both  of  these  organs  are  in  most  cases  glabrous  inside;  sometimes  the 
peduncle  arises  from  a  nest  of  imbricated  faracta    Pedicels  articulated  at  the  apex  to  the 
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flowers.  Cymes  in  most  cases  few-flowered  in  both  sexes,  especially  in  the  female  sex  in 
which  the  flowers  are  usually  fewer  or  solitary.  In  those  cases  in  which  the  flowers  are 
solitary,  the  presence  of  bracts  on  the  peduncles  or  at  their  base  often  indicates  the 
tendency  to  a  more  numerously  flowered  cyme.  In  the  genus  Eudea  the  cymes  are  often 
racemose.  In  some  species  of  Dioapyros  the  short  cymes  are  arranged  close  together  towards 
the  extremities  of  the  branches  and  not  in  the  axils  of  fully  developed  leaves,  so  that 
the  inflorescence  puts  on  the  appearance  of  being  terminal,  as  for  example  in  Dioapyroa 
discolor. 

Flowers  in  the  great  majority  of  species  dioecious,  but  with  an  occasional  tendency  to 
a  polygamous  condition,  and  in  the  genus  Boyena  chiefly  hermaphrodite;  nearly  always 
regular,  3-7-merous  but  usually  tetramerous  or  pentamerous,  in  the  genus  Boyena  generally 
pentamerous,  in  Haclea  never  trimerous,  and  in  Maba  mostly  trimerous ;  fragrant  or  without 
scent. 

In  some  cases  that  monstrous  condition  caUed  phyUomania,  in  which  imbricated  bracts 
take  the  place  and  give  the  appearance  of  flower-buds,  is  met  with,  as  for  example  in 
Diospyras  Jlavicans  and  D.  ZoUingeri;  and  D.  platyphylla  is  at  present  known  only  in  this 
state.  In  other  cases  male  flowers  become  double  {flore  pleno)  by  conversion  of  stamens 
into  petaloid  organs,  as  for  instance  in  Maba  hmponga. 

Male  flowers  usually  with  a  rudiment  of  an  ovary  which  is  hairy  or  glabrous  in  corre- 
spondence with  the  hairy  or  glabrous  ovary  which  is  developed  in  the  female  plant  of  the 
same  species.  Sometimes  however  in  the  male  plant  the  ovary  is  completely  obsolete  and 
the  receptacle  is  the  only  representative  of  it 

Female  flowers  usually  thicker  than  the  male,  and  in  most  species  furnished  with  sta- 
minodes  which  however  are  commonly  fewer  in  number  than  the  stamens  of  the  corre- 
sponding male  plant,  or  without  staminodes  as  in  the  great  majority  of  species  of  the  genus 
Ewlea  and  in  the  section  Ferreola  of  the  genus  Maba. 

Calyx  synsepalous  (gamosepalous),  inferior,  lobed  to  various  depths  or  indistinctly  lobed 
or  even  in  a  few  species  of  Dioapyroa  and  Maba  truncate  and  entire,  and  in  27.  Topoaia 
closed  in  (male)  bud  and  bursting  irregularly  as  the  flower  opens,  persistent,  commonly 
campanulate  and  not  reflexed  in  the  flower,  often  accrescent  and  either  erect  or  spreading 
or  reflexed  and  sometimes  plicate  in  the  fruit,  in  a  few  species  as  in  Dioapyroa  JEbenvm 
with  an  internal  elevated  rim  at  the  top  of  the  tube  in  fruit  and  the  lobes  spreading  or 
reflexed.  Rarely  the  calyx  is  irregular,  the  lobing  being  chiefly  on  one  side,  as  in  Maba 
ovalifolia.  Calyx  usually  greenish  and  when  hairy  usually  clothed  with  a  shorter  indumen- 
tum than  that  of  the  corolla;  as  exceptional  cases  it  is  whitened  inside  in  Dioapyroa  grar- 
cUipea,  and  violaceo-pruinose  in  the  fruit  of  27.  pruinoaa.  ^tivation  of  calyx  various,  valvate 
imbricated  or  contorted,  and  "v^hen  contorted  sinistrorsely  so  (as  seen  from  inside). 

Corolla  sympetalous  (gamopetalous),  hypogynous,  usually  isomerous  with  the  calyx, 
lobed  to  various  depths  in  different  species,  usually  exceeding  the  calyx  and  often  greatly 
so,  hypocrateriform,  tubular,  campanulate,  urceolate,  globose  or  even  rotate;  often  hirsute 
sericeous  or  otherwise  pubescent,  especially  on  the  back  of  the  lobes,  but  sometimes  glabrous 
outside,  commonly  glabrous  inside,  but  in  a  few  species  hairy  on  both  sides;  subcoriaceous 
or  fleshy;   deciduous  or  occasionally  marcescent  and  detached  at  the  top  of  the  fruit  or 
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rarely  in  a  fragmentary  state  at  its  base;  white,  flesh-coloured,  greenish,  or  yellow,  never 
blue;  lobes  equal,  obtuse  or  rounded  or  in  some  species  acute,  usually  spreading  or  reflexed 
in  full  flower,  contorted  sinistrorsely  in  sostivation  as  regarded  from  inside  except  Diospyroa 
Qocarpa  in  which  the  sestiyation  is  variously  imbricated  and  except  the  new  genus  Tetraclis 
in  which  the  aestivation  is  valvate. 

Stamens  in  male  flowers  all  fertile,  hypogynous  or  more  commonly  inserted  at  or  near 
the  base  of  the  coroUa-tube  or  by  exception  about  the  middle  of  the  corolla  in  Diospyros 
Dendo  and  some  at  the  middle  of  the  corolla  in  D.  Ounalon;  often  in  two  rows  or  com- 
bined by  their  filaments  in  pairs  or  otherwise ;  the  inner  ones  usually  shorter,  or  subequal ; 
varying  in  number  from  3  to  about  100,  the  average  or  common  number  being  10  in 
Boyefna,  16  in  Eudea  and  Dioapyros,  9  in  Maha  and  30  in  Tetraclia;  when  equal  in  number 
to  the  lobes  of  the  corolla  alternating  with  them.  Anthers  usually  lanceolate  linear  or  oblong, 
hairy  or  glabrous,  erect,  attached  by  their  base,  free,  2-celled,  dehiscing  at  their  sides  by 
longitudinal  slits  or  rarely  by  apical  pores ;  pollen  globular  or  ellipsoidal,  smooth ;  connective 
usually  produced  at  the  apex  beyond  the  anthers,  apiculate,  often  hairy;  filaments  usually 
shorter  than  the  anthers,  glabrous  or  hairy,  compressed  or  filiform.  Staminodes  in  female 
flowers  without  anthers  or  barren,  often  glabrous,  sometimes  absent. 

Ovary  in  male  flower  abortive  or  absent ;  in  female  flower  free,  sessile,  subglobose  ovoid 
or  conical  (or  " stipitato-constricted  at  base"  in  Diospyros  Diepenhorstii),  not  lobed,  syncarpous, 
without  a  disk,  hairy  or  glabrous,  2-16-celled,  usually  3-  or  6-celled  in  the  genus  Maba, 
4-celled  in  Euclea,  4-,  &-,  8-  or  10-celled  in  Boyena,  and  4-,  8-  or  10-celled  in  Diospyros, 
never  with  5  or  an  odd  number  of  cells  except  3;  cells  1-ovuled,  or  2-ovuled  in  the  section 
Ferreola  of  Maba  and  in  the  section  CargHUa  of  Diospyros;  the  septa  however  are  some- 
times incomplete,  especially  in  the  lower  part,  and  the  alternate  ones,  namely,  those  opposite 
the  styles  or  lobes  of  the  style,  are  often  thinner.  Styles  1 — 6,  distinct  or  connate  at 
the  base;  stigmas  often  bifid  at  apex.  Ovules  pendulous  from  the  inner  side  of  the  top 
of  the  cell  of  the  ovary,  commonly  twice  as  numerous  as  the  styles  or  as  the  lobes  of  the 
style,  anatropal,  oblong  or  ovoid;  raphe  decurrent  on  the  outer  side  to  an  inferior  chalaza. 
Fruit  coriaceous  or  fleshy,  tomentose  pubescent  glandular  glabrate  or  glabrous,  globular 
ovoid  oblong  or  conical  (depressed  in  Diospyros  apeibaoarpos,  compressed  in  D.  dodeoa/ndra, 
obconical  in  D.  strida),  varying  from  |  —  3  in.  in  diameter,  usually  small  in  the  genus 
Euclea,  of  moderate  size  in  Boyena  and  Maba  and  rather  laige  in  Diospyros  and  Tetraclis; 
in  several  species  edible;  indehiscent  or  in  a  few  species  splitting  in  a  valvate  manner 
from  the  apex;  with  several  or  by  abortion  with  few  cells;  pericarp  coriaceous  or  in  the 
edible  species  thin  and  membranous. 

Seeds  1 — 10,  pendulous,  usually  solitary  in  the  cells  of  the  fruit,  usually  oblong  and 
laterally  compressed  or  when  sole  globose,  marked  externally  with  2  or  3  depressed  longi* 
tudinal  lines;  hile  small;  testa  smooth,  thin  or  coriaceous;  albumen  cartilaginous,  abund- 
ant, white,  imiform  or  in  some  species  ruminated  by  intrusion  of  the  coriaceous  testa  or 
obscurely  striate  in  radiating  lines  in  a  few  species;  embryo  axile  or  slightly  oblique, 
straight  or  somewhat  curved  especially  in  globular  seeds,  whitish,  |  —  |  ths  of  the  length  of 
the  seed;  cotyledons  2,  equal,  foliaceous,  with  or  without  veins,  contiguous,  ovate  or  lan- 
ceolate; radicle  superior,  cylindrical,  not  thick,  |  — }rds  of  the  length  of  the  embryo. 
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The  fistmily  as  here  presented  oontains  6  Genera,  namely, 

Soyena  13  species,  Diosptpros  about  160  species, 

Sudea  19  species,  TetraoUs  1  species; 

Maba  66  species, 

in  all  about  250  species ;   besides  several  fossil  species  that  have  been  described  as  members 
of  the  bmily. 


EBENACEfi 
Est  to  the  Oenxba. 
Corolla  with  contorted  aestivation. 

Hermaphrodite  or  rarely  sub-diGdcious.    Stamens  in  one  row.      L    BotSna. 

Dicdcious  or  rarely  polygamoua    Stamens  usually  in  2  or  more  rows,  often  in  pairs. 

Calyx  not  accrescent  Staminodes  usually  absent  from  the  9  flower. 
Ovary  4-  (or  very  rarely  2-  or  6-)  celled  Inflorescence  usually 
racemose,  rarely  panicled.  IL    Euglea. 

Calyx  often  accrescent.  Staminodes  usually  present  in  the  9  flower, 
except  in  the  section  Ferreola  of  Maba.  Ovary  usually  3-,  6-,  or 
8-ceUed,  occasionally  4-  or  10-16-celled.  Inflorescence  cpnoee  or 
l-flowered,  not  racemose. 


Ovary  3-  or  6-celled.    Flowers  usually  trimerous. 

TTT.     Maha 

Ovary  4-  or  8-16-oeIled.    Flowers  rarely  trimerous. 

IV.     DiOSPTBOS. 


Corolla  with  valvate  aestivation. 


y.     TETRAGLI& 


The  affikities  of  Ebekacejs. 

The  following  families  have  the  closest  affinity  to  EbenacecB. 
OtadneoB. 

Points  of  approach : 

Calyx  often  accrescent    Seeds  usually  pendulous;  albumen  usually  copious.    Leaves 
alternate  or  rarely  opposite,  simple^  usually  quite  entire,  exstipulata 
Points  of  departure: 

^   Petals  usually  valvate  in  aestivation.    Ovary  usually  1-celled.    Stamens  sometimes  in 
part  sterile. 
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Points  of  approach: 

Corolla  sympetalous,  with  imbricated  sestivation.     Stamens  definite  or  indefinite, 
arising  from  the  tube  of  the  corolla,  of  unequal  length.     Ovaiy  several-celled. 
Leaves  alternate,  exstipulate,  simple.    Seeds  albuminous  with  axile  embiyo. 
Points  of  departure: 

Filaments  usually  longer  than  the  anthers.  Ovary  usually  quite  or  partially  infe- 
rior. Flowers  hermaphrodite.  Leaves  often  serrulate.  Ovules  2 — oo  in  each 
cell  of  the  ovary.    Albumen  fleshy, 

AfumacecB. 

Points  of  approach: 

Flowers  usually  trimerous  (as  in  Mdba).    Stamens  often  indefinite.    Albumen  copious, 
ruminated  (as  in  several  Ebenacecs),    Leaves  alternate,  quite  entire,  exstipulate. 
Pistil  superior. 
Points  of  departure: 

Corolla  apopetalous.    Pistil  usually  apocarpous.    Ovules  erect.    Embryo  minute. 

TernstrwmiacecR. 

Points  of  approach : 

Stamens   oo   or  equal  to   or  double  of  the  number  of  the  parts  of  the  corolla^ 
hypogynous  or  inserted  at  the  base  of  the  corolla.     Ovary  usually  free.    Leaves 
alternate  or  very  rarely  opposite,  usually  simple  and  exstipulate. 
Points  of  departure: 

Corolla  usually  apopetalous.  Flowers  usually  hermaphrodite.  Stamens  not  in  pairs. 
Fruits  frequently  many-seeded. 


Points  of  approach: 

Corolla  sympetalous,  deciduous,  imbricated  in  aestivation.     Ovary  free,  usually  hairy. 
Ovules  solitary.    Leaves  alternate  or  very  rarely  subverticillate,  quite  entire, 
shortly  petioled,  exstipulate. 
Points  of  departure: 

Sterile  stamens  usually  present;  fertile  ones  opposite  the  corolla-lobes.    Testa  of 
the  seeds  bony  or  crustaceous,  with  a  high  polish,  albumen  wanting  or  fleshy 
or  oily.    Radicle  inferior.    Flowers  hermaphrodite.    Sap  milky.    According  to 
Richard  the  suspension  of  the  seed  distinguishes  Ebenacece  from  Sapotacece. 
Hicineos. 

Points  of  approach: 

Corolla  sjrmpetalous,  imbricated  in  aestivation.     Stamens  inserted  on  the  corolla. 
Ovary  superior;  ovules  solitary,  pendulous,  anatropal.    Albumen  copious.    Em- 
bryo straight    Radicle  superior.    Leaves  evergreen,  alternate  or  opposite,  cori- 
aceous, simple,  exstipulate.    Flowers  often  unisexual 
Points  of  departure: 

Filaments  usually  exceeding  the  anthers.    Albumen  fleshy.    Embryo  small    Stamens 
equal  in  number  to  the  parts  of  the  flower. 
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The  following  natural  orders  also  bear  some  affinity  to  EsENACEiE,  but  in  a  less  degree 
than  the  previously  mentioned  ones: 

Ericaceae.  Euphorbiaceas. 

Humiriaceas.  LaurinesB. 

Tiliaceae.  MyrsinesB. 

BixineaB.  ConvolvulacesB  (Erycibeae), 

Magnoliaceae.  Celastrineae. 

Chailletiacese.  Oleacese. 

The  accompanying  plan  is  intended  to  set  forth  the  affinities  of  Ebenacese  (see  Plate  i.). 
Mr,  Miers  in  "  Contributions  to  Botany/'  Vol.  L  p.  24,  makes  some  pertinent  remarks  on 
the  affinities  of  Ebenacejs.  He  questions  their  close  alliance  with  STYRACRfi,  compares 
them  with  Anonac£L£,  and  considers  that  they  ought  rather  to  be  arranged  among  the 
polypetalous  groups.  There  is  no  doubt  that  many  South  American  species  point  plainly 
to  such  a  position  (though  I  havd  always  found  the  corolla  to  be  sympetalous^  even  if  its 
partitions  are  only  slightly  connate  at  the  base);  but  if  it  be  necessary  to  choose  between 
a  polypetalous  and  a  gamopetalous  position,  I  certainly  prefer  the  latter.  Indeed,  several 
species  have  the  corolla  lobed  only  near  the  apex,  and  the  affinity  to  Sapotaceas  (a  gamo- 
petalous family)  is  as  close  as  to  any  other.  Mr  Miera  seems  to  me  to  be  quite  right  in 
maintaining  the  affinity  of  the  family  to  Olacinejs. 

Choiay,  in  his  ''M^moires  des  Temstroemiaceae/'  p.  9  (1855)  compares  Ebenack£  with 
TeenstrO£MIACEL£  and  points  out  their  proximity. 

On  the  Oenera  of  Ebenace^ 

The  diskgnostic  characters  of  the  genera  of  this  family  are  not  well  defined;  indeed 
it  has  been  proposed  to  unite  all  into  one  genus.  Two  genera  are  endemic  in  Africa, 
namely  Boyena  and  Euclea  and  are  chiefly  found  at  the  Cape  of  Good  Hope;  however 
both  genera  enter  Tropical  Africa  south  of  the  Equator,  and  one  species  of  EucLEA  occm-s 
in  Abyssinia.  One  species  each  of  Diospyros  and  Maba  occur  in  South-east  Africa  south 
of  the  Tropia 

Tetraclis  has  at  present  been  detected  only  in  the  Island  of  Madagascar. 

Boyena  is  mainly  characterized  by  its  hermaphrodite  solitary  peduncled  and  drooping 
flowers  with  the  stamens  in  one  row  and  comparatively  small  leaves;  but  the  flowers 
are  not  always  hermaphrodite,  and  hermaphrodite  flowers  occasionally  occur  in  other  genera 
especially  in  Euclea  and  Diospyros;  and  the  remaining  characters  occur  in  several 
cases  among  the  species  of  the  other  genera  of  the  family,  nor  are  they  constant  in  the 
genus  Boyena.  The  genus  approaches  the  section  Owniaantkua  of  Diospyros,  and  2).  Xow- 
reiriana  Don  is  closely  allied  to  R,  parviflora. 

Euclea  approaches  Boyena  on  one  hand  and  Diospyros  on  the  other.  The  racemose 
or  cymose  inflorescence  and  the  dioecious  flowers  generally  distinguish  it  from  Boyena; 
and  its  African  habitat  with  small  fruit  and  non-accrescent  calyx  help  to  separate  it  from 
Diospyros. 

Maba  in  the  majority  of  its  species  is  remarkable  for  the  trimerous  symmetry  of  the 
flower,  and  3-  or  6-celled  ovary  with  6  ovailes.    The  flowers  however  are  not  always  trime- 
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rous,  and  the  section  TricharUhera  of  Maba  approaches  closely  the  section  Bospidios  of 
DiosFTBOS.  The  geographical  distribution  of  the  two  genera  is  nearly  identical  and  co- 
extensive. Maba.  however  is  more  frequent  in  New  Caledonia  and  other  islands  in  the 
South  Pacific  Ocean  as  well  as  in  Australia,  and  one  species  {M.  buxifolia,  Fers.)  seems 
to  have  the  widest  range  of  any  species  of  the  family. 

The  best  character  to  distinguish  Maba  is  its  3-  or  6-celled  ovary,  but  some  spe- 
cies both  of  EuCLEA  and  Diosptbos  occasionally,  but  not  I  think  normally,  possess  this 
peculiarity ;  I  have  therefore  made  this  the  fundamental  character  of  the  genus,  and  feel 
no  doubt,  notwithstanding  certain  cases  of  perplexing  variability,  that  it  is  convenient 
for  the  practical  classification  of  the  family  to  maintain  the  genus  Maba.  I  have  on  the 
other  hand  merged  with  it  Alphonse  De  Candolle's  genus  Maereightia,  Dalzell's  genus 
HolochiUa  (the  only  species  however  of  which  I  have  not  seen),  and  Hasskarl's  genus 
EhipidasHgma,  none  of  which  three  genera  by  such  incorporation  weakens  the  main  cha- 
racters of  Maba. 

Diosptbos  being  the  largest  genus,  and  indeed  including  the  majority  of  the  species 
of  the  family,  exhibits  the  greatest  amount  of  variation,  and  possesses  points  of  contact 
with  all  the  other  genera.  I  have  united  with  it  the  following  genera^  CargiUia  R  Br., 
Leucoxylum  Blum.,  NoUia  Schum.,  Owmcmthus  Alph.  DC.,  and  Bo9pid%08  Alph.  DC.,  inas- 
much as  I  fail  to  find  any  good  or  even  plausible  ground  for  maintaining  any  separation 
amongst  them.  CargiUia  with  two  species  {C.  laau  and  C,  australia)  was  made  a  genus  by 
Bobert  Brown  principally  on  account  of  having  2  ovides  in  each  cell  of  a  4-celled  ovary. 
The  former  species  often  and  so  fSeur  as  my  observation  goes  always  has  an  8-celled  ovaiy 
with  a  solitary  ovule  in  each  cell,  and  it  is  identical  with  Diospyraa  mamtima  Blum. ;  and 
the  second  species  ((7.  ausiralis)  has  sometimes  at  least  an  imperfect  septum,  partially  dividing 
each  cell  of  the  4-ceUed  ovaiy. 

Again  in  certain  other  species  of  Diospyros,  the  septa  of  the  ovary  when  8-celled  are 
alternately  thinner,  and  are  therefore  di£5cult  to  discern;  so  much  so  that  Dr  Solander  in 
his  manuscript  notes  now  in  the  British  Museum  described  the  immature  fruit  of  D.  chlorO' 
wyUm  as  4-celled  with  2  seeds  in  each  cell,  although  the  ovary  is  really  8-celled. 

In  some  cases  in  the  lower  part  of  the  ovary  the  alternate  septa  are  imperfect  and  do 
not  reach  the  axis,  and  therefore  a  transverse  section  across  this  portion  would  give  a 
4-celled  ovary;  but  in  the  middle  part  of  the  ovary  the  same  septa  are  joined  with  the 
axis,  and  a  transverse  section  there  would  shew  an  8-celled  ovary. 

Failing  also  to  detect  any  peculiarity  of  habit  to  distinguish  the  genus  CargiUia^  I  am 
obliged  notwithstanding  the  eminence  and  reputation  of  its  inventor  to  treat  it  as  a  mere 
section  of  Diosptbo&  For  a  similar  reason  I  consider  Maereightia  to  be  a  section  of 
Ma-ra. 

The  genus  Bospidios  was  founded  on  the  combination  of  a  3-celled  ovary  associated 
with  a  tetramerous  symmetry  in  the  flower;  but  this  observation  was  made  on  a  cultivated 
specimen,  while  the  wild  specimens  since  observed  reveal  an  8-celled  ovary:  the  genus 
therefore  lapses  into  Diosptbos;  the  natne  however  I  have  retained  for  a  section  of  the  latter 
genus. 
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Several  species  of  Diospyros  are  remarkable  for  ruminated  albumen  in  the  seeds,  and 
I  have  employed  this  character  for  the  purpose  of  separating  such  species  as  a  section  from 
the  remaining  species  of  the  genus.  It  must  however  be  admitted  that  as  the  condition  of 
the  albumen  is  unknown  in  many  of  the  remaining  species,  it  is  quite  possible  and  indeed 
probable,  that  some  of  them  will  requii*e  when  better  known  to  be  removed  to  this  section. 
In  cases  where  the  albumen  has  not  been  observed,  I  have,  with  the  exception  of 
D.  Kurzii  which  is  evidently  very  near  to  D.  sylvatica  Boxb.  and  of  D.  decandra  Lour., 
considered  for  the  purposes  of  classification  the  albumen  to  be  equable. 

The  new  genus  which  I  call  Tetraclis  differs  firom  the  rest  of  the  family  by  a  strictly 
valvate  aestivation  of  the  corolla  instead  of  a  contorted  one.  In  other  respects  its  characters 
do  not  substantially  differ  from  Diosptros.  Mr  Bentham's  Brazilian  genus  Brachynema, 
which  he  described  as  a  doubtful  member  of  this  family,  certainly  differs  remarkably  from 
it  in  habit,  especially  in  respect  of  the  foliage  and  fruit.  The  structure  of  the  seed  is 
not  clearly  known,  but  seems  to  me  not  to  agree  with  that  of  this  family;  on  the  whole 
it  seems  to  shew  an  alliance  with  the  family  OLACiNEiB  rather  than  with  Ebenaceje. 

Again  Zollinger's  second  genus  Drebbelia  from  Java,  which  was  described  as  Ebenaceous, 
seems  to  me  to  have  characters  absolutely  accordant  with  the  family  OLAdKEiB,  and  indeed 
may  even  belong  to  Olax  itself.  However,  I  have  not  seen  a  specimen  and  therefore 
cannot   speak   with  confidence  about  it 

There  is  in  the  Kew  herbarium,  collected  by  Mann  (No.  1800),  a  specimen  of  a  male 
plant  from  Mount  John  river,  West  equatorial  Africa,  which  probably  belongs  to  a  new  genus 
of  Ebenacese ;  but  as  the  female  plant  is  unknown  to  me  I  do  not  venture  to  publish  it 
with  a  new  name.     The  characters  are  as  follows: 

Flares  diceci.  Flores  masculi  1 — 3-ni,  svhsessiles,  axiUares.  BractecB  minutes.  Calyx 
xnfervyr,  Z--^fidu8,  campanulatus,  parvus.  Corolla  monopetala^  gra^nUime  tuhulosa,  apice 
3— -4-2oia;  lohis  patentibus,  in  prasfiora^ione  sinistrorse  contortis.  Stamina  2 — 3,  recqptacuio 
inserta;  JUamentis  brevibus  hirsuiis ;  antheris  linearibus,  lateraiiter  bilactdaribus,  dorso 
pubescentibibs.  Ovarii  rudimentum  nuUum,  Flores  feminei  et  fructus  ignoti.  Arbor  parva, 
foliis  simplicibus  integerrimis  distichis  obliquis  subsessilibus  firmiter  sub-membranaceis  exsti- 
pulaceis.     Species  unica,  African  occidentalis  sequatorisa  incola. 


Brief  History  of  the  specific  Names. 

At  the  time  of  the  publication  of  the  first  edition  of  Liniueus'  "Species  Flantarum,'* 
in  1753,  only  6  Ebenaceous  species  were  known,  3  belonging  to  Boyena  and  2  to  Diospyros. 
The  first  species  of  Evdea  was  published  in  the  13th  edition  of  the  "Systema"  of  Linnaeus 
m  1774,  and  the  first  species  of  Maha  in  1776  by  the  two  Forsters. 

Laureiro  in  1790  published  several  new  species  in  his  "Flora  Cochinchinensis,"  but 
most  of  them  remain  a  puzzle  to  this  day,  as  but  few  of  his  specimens  have  reached  Euro* 
pean  botanists. 

Several  Indian  species  were  described  and  figured  by  Roxburgh  in  the  first  volume  of 
his  work  on  Coromandel  plants  published  in  1795;   Dr  Koenig  concurrently  described  some 
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of  them  in  the  same  work.  In  the  ''  Encyclopsedia  M^thodique"  Poiret  published  many  new 
species  in  1804,  chiefly  from  Mauritius,  and  in  the  following  year  WiUdenow  described  others 
in  his  edition  of  the  "  Species  Plantarum."  In  1810  Brown  published  his  Australian  Flora, 
and  in  it  several  species  of  the  genus  Maha,  the  new  genus  Garffillia,  Sec. 

In  1825-26  Bhme  published  some  Javan  species  of  Diospyraa  and  a  new  genus  Leu- 
coxylvm. 

From  1828  to  1832  WaUich  circulated  the  chief  part  of  his  lithographed  list  with  spe- 
cimens of  East  Indian  plants,  and  amongst  them  a  large  number  of  Ebenacese  chiefly  be- 
longing to  the  genus  Diospyros. 

In  1837  Blanco  published  his  ''Flora  de  Filipinas,"  which  contained  a  few  new  names 
of  Ebenaceas ;  also  in  the  same  year  0.  Bon,  in  the  4th  rolume  of  his  "  General  System  of 
Gardening  and  Botany,"  described  all  the  species  of  Ebenaceae  known  to  him,  including  a 
revision  of  the  family ;  and  E.  Meyer  published  his  catalogue  of  the  plants  of  South  Africa 
collected  by  Drege,  containing  the  names  of  several  new  species  of  Royena  and  EacUa,  but 
without  descriptions. 

In  1844  Alphonse  De  CandoUe  monographed  the  family  in  the  "  Prodromus "  and  added 
many  new  species  and  the  three  new  genera  Ovmeanthus,  Moapidioe,  and  Maoreighticu  In 
the  following  year  Alexander  Braun  published  the  first  fossil  species  of  the  family. 

The  most  important  subsequent  contributions  to  the  family  contain  some  plates  of 
Dr  Wight  in  1850;  fossil  species  by  Unger  in  1850,  1851,  1866,  1867;  some  Indian  species 
by  Dalzell  in  1852  and  1861;  Brazilian  species  by  MarUue  and  Miqtiel  in  1856;  Java  and 
Sumatra  species  hjZoUinger,  Miguel,  Teijsmami,  Easskarl,  Ac;  Ceylon  species  by  Dr  Thwaitea 
in  1860  and  1864;  (oosil  species  hj  Ettingshuusen,  HiBer,MaMahngg,  <tc.;  Mozambique  species 
by  Klotzsck  in  1862;  Australian  species  by  Dr  F.  MueUer  and  Mr  Bentham  in  1864 — 1869; 
and  Indian  species  by  Major  Beddome  and  Mr  8.  Kvrz  in  1871. 

In  the  present  paper  between  80  and  90  new  species  are  described  and  1  new  genus. 

In  the  subjoined  chronological  list  of  specific  names  each  name  is  given  only  on  the 
first  occsusion  of  its  publication,  even  though  the  same  name  may  have  been  subsequently 
published  for  a  different  species. 

Ebenace^. 
Gironologioal  List  of  pvUished  specific  Names,  with  references  a^id  localities. 

1753.  Royena  lucida,  Linn.  Spea  Plant  (voL  i.)  p.  397.    Cape  of  Good  Hope. 

1753.  Royena  glabra^  linn.  Spec..  Plant.  (voL  i.)  p.  397.    Cape  of  Good  Hope. 

1753.  Royena  hirsuta,  linn.  Spec.  Plant.  (voL  i.)  p.  397.    Cape  of  Good  Hope. 

1753.  Diospyros  Lotus,  Linn.  Spea  Plant.  (voL  ll.)  p.  1057.    Mediterranean  region. 

1753.  Diospyros  virginiana,  Linn.  Spea  Plant,  (vol.  ii.)  p.  1057.    N.  America. 

1763.  Diospyros  inconstans,  Jacq.  Amer.  p.  276.  t.  174.  f.  67.    S.  America. 

1767.  Royena  villosa^  Linn.  Syst.  Nat  edit  xil.  voL  n.  p.  302.    Cape  of  Good  Hope. 

1768.  Royena  scabra^  Burm.  Prodr.  FL  Cap.  p.  13.    Cape  of  Good  Hope. 

1771.    Vaccinium  pensylvanicum,  Miller,  Gard.  Diet  edit  vi.     Cfir.  Alton,  Hort.  Kew.  ed.  ll. 
vol  ni.  p.  62  (1811). 


Digitized  by 


Google 


Ma  HIERN,  ON  EBENACEJBL  67 

l.D. 

1774.  Euclea  racemosa,  Linn.  Syst.  Veg.  edit.  xm.  p.  747.    Cape  of  Good  Hope. 

1775.  Dactylus  trapezuntinus,  Forakal,  FL  iEgypt— Arab.  p.  xxxvi.    Constantinople. 

1775.  Paralea  guyanensis,  Aubl.  Plant.  Guin.  vol.  i.  p.  576.  t.  231.     Guiana,  S.  America- 

1776.  Diospyros  Ebenum,  Koenig  in  Physiogr.  S&lsk.  Handl.  vol.  i.  p.  176.     Ceylon. 
1776.  Maba  elliptica,  J.  R.  and  G.  Forst.  Charact.  Gen.  PI.  p.  122,     Friendly  Islands. 
1781.  Royena  polyandra,  Linn.  fil.  Supplem.  p.  240.    Cape  of  Good  Hope. 

1781.  Diospyros  Kaki,  Linn.  fil.  Supplem.  p.  439.     China. 

1781.  Diospyros  hirsuta,  Linn.  fiL  Supplem.  p.  440.     E.  Indies. 

1783.  Pisonia  (?)  buxifolia,  Rottb.  in  Nye  Saml.  Kong.  Danske  Skriffc.  vol.  Ii.  p.  536.  t.  4.  f.  2. 
Malabar. 

1783.  Diospyros  glaberrima,  Rottb.  in  Nye  Saml.  Kong.  Danske  Skrift.  vol  li.  p.  540.  tab.  v. 

E.  Indies. 

1784.  Euclea  undtilata,  Thunb.  Nov.  Gen.  PI.  (v)  p.  86.    Cape  of  Good  Hop^ 

1786.  Maba  major,  G.  Forst.  PI.  escul.  insul.  Ocean.  Atistr.  n.  21.  p.  54.    Friendly  Islands. 

1788.  Embryopteris  peregrina,  Gaertn.  Fruct.  vol.  L  p.  145.  t.  29.    E.  Indies. 

1788.  Diospyros  tetrasperma,  Swartz  Prodr.  p.  62.    W.  India  Islands. 

1789.  Cavanillea  philippensis,  Desrouss.  in  EncyL  M^tb.  vol.  m.  p.  663.     Philippine  Islands. 
1789.  Garcinia  malabarica,  Desrouss.  in  Encycl.  M^th.  vol.  III.  p.  701.    E.  Indies. 

1789.  Diospyros  Ebenaster,  Retz.  Observ.  Bot.  fasc.  v.  p.  31.  n.  88.    E.  Indies. 

1790.  Diospyros  lobata>  Loureiro,  FL  Cochinchin.  p.  227.     Cochinchina. 
1790.  Diospyros  decandra,  Loureiro,  Fl.  Cochinch.  p.  227.     N.  Cochinchina. 
1790.  Diospyros  dodecandra,  Loureiro,  Fl.  Cochinch.  p.  228.     Cochinchina. 
1790.  Ebenoxylum  verum,  Loureiro,  Fl.  Cochinch.  p.  613.     Cochinchina. 
1790.  Euclea  pilosa,  Loureiro,  Fl.  Cochinch.  p.  629.     Cochinchina. 

1790.  Euclea  herbacea,  Loureiro,  Fl.  Cochinch.  p.  629.     China. 

1794.  Diospyros  concolor,  Moench.  Meth.  p.  470.    N.  America. 

1794.  Royena  pallens,  Thunb.  Prodr.  Plant.  Capens.,  para  prior,  p.  80.    Cape  of  Good  Hope. 

1794.  Ehretia  ferrea,  Willd.  Phytogr.  I.  p.  4.  t.  2.  f.  2.    Malabar. 

1795.  Ferreola  buxifolia^  Roxb.  Coromand.  vol.  L  p.  35.  t.  45.     Coromandel  Coast. 
1795.  Diospyros  melanoxylon,  Roxb.  Coromand.  voL  I.  p.  36.  t.  46.    Coromandel  Coast 
1795.  Diospyros  montana,  Roxb.  Coromand.  vol.  i.  p.  37.  t.  48.    Coromandel  Coast. 
1795.  Diospyros  sylvatica,  Roxb.  Coromand.  vol.  L  p.  38.  t.'47.    Coromandel  Coast. 
1795.  Diospyros  chloroxylon,  Roxb.  Coromand.  vol  I.  p.  38.  t.  49.    Coromandel  Coast. 
1795.  Diospyros  cordifolia,  Roxb.  Coromand.  voL  L  p.  38.  t.  50.     Coromandel  Coast. 
1795.  Embryopteris  glutinifera,  Roxb.  Coromand.  vol.  I.  p.  49.  t.  70.    Coromandel  Coast. 
1798.  Diospyros  obovata,  Jacq.  Hort  Schoenbr.  vol.  in.  p.  34.  t.  312.    St  Domingo. 

1798.  Diospyros  digyna^  Jacq.  Hort.  Schoenbr.  voL  ni.  p.  35.  t.  313.    I.  Celebes. 

1799.  Royena  angustifolia^  Willd.  Spec  Plant,  ii.  p.  633.    Cape  of  Good  Hope. 

1800.  Euclea  lancea,  Thunb.  Prodr.  PI.  Capens.,  pars  posterior,  p.  85.     Cape  of  Good  Hope. 
1803.  Diospyros  glauca,  Rottler  in  Qesellschaft  Naturf.  freunde  zu  Berlin.  Neue  Schriften. 

vol.  rv.  p.  221.    Madras. 

1803.  Diospyros  ambigua^  Vent.  Malm,  t  17.    Cape  of  Good  Hope. 

1803.  Royena  ambigua.  Vent.  Malm.  n.  17.    Cape  of  Good  Hope. 
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1804.  Diospyros  tessellaria,  Foir.  in  Encycl.  M^th.  vol.  v.  p.  430.     Mauritius. 

1804.  Ebenus  tessellaria,  Commera.  ex  Poir.  in  Encycl.  M^th.  vol.  v.  p.  430.    Mauritius. 

1804.  Diospyros  melanida,  Foir.  in  Encycl.  M^th.  vol.  v.  p.  431.     Mauritius. 

1804.  Ebenus  melanida,  Commers.  ex  Poir.  in  EncycL  M^th.  vol.  v.  p.  431.     Mauritius^ 

1804.  Diospyros  leucomelas,  Poir.  in  Encycl.  M^th.  vol.  v,  p.  432.     Mauritius. 

1804.  Ebenus  leucomelas,  Commers.  ex  Poir.  in  Encyclop.  Mdtb.  vol.  v.  p.  432.    Mauritius. 

1804.  Diospyros  nodosa,  Poir.  in  Encyclop.  Mdtb.  vol.  V.  p.  432.    Mauritius. 

1804.  Diospyros  chrysophyllos,  Poir.  in  Encyclop.  M6th.  vol.  v.  p.  433.    Mauritius. 

1804.  Diospyros  angulata,  Poir.  in  Encyclop.  M^tL  vol.  v.  p.  434.     Mauritius. 

1804.  Diospyros  lanceolata,  Poir.  in  Encyclop.  M^th.  vol.  v.  p.  434.     Madagascar. 

1804.  Diospyros  revoluta,  Poir.  in  Encyclop.  M6th.  voL  v.  p.  435.    S.  America. 

1804.  Diospyros  tomentosa,  Poir.  in  Encyclop.  M6th.  vol.  V.  p.  436.     Tranquebar,  K  Indies. 

1804.  Royena  cuneata,  Poir.  in  Encyclop.  M6th.  vol  vi.  p.  322.    Cape  of  Good  Hope. 

1805.  Diospyros  lycioides>  Desf.  in  AnnaL  Mus.  voL  vi.  p.  448.  t  62.  £  1.     Cape  of  Good 

Hope. 

1805.  Diospyros  Commersoni,  Gaertn.  fil.  Carp.  in.  p.  136.  t.  208.     Madagascar. 

1805.  Diospyros  rubra.  Gaertn.  fiL  Carp.  IIL  138.     Mauritius  (?). 

1805.  Diospyros  discolor,  Willd.  Spec.  Plant  vol.  rv.  p.  1108.     K  Indies. 

1805.  Diospyros  reticulata^  Willd.  Spec.  Plant  vol.  rv.  p.  1109.     Mauritius. 

1805.  Diospyros  orixensis,  Klein  ex  Willd.  Spec.  Plant  vol.  iv.  p.  1110.     E.  Indie& 

1805.  Diospyros  salicifolia,  Humb.  and  BonpL  ex  Willd.  Spec.   Plant  vol.  iv.  p.  1112.     S. 

America 

1805.  Diospyros  obtusifolia,  Humb.  and  BonpL  ex  Willd.  Spea  Plant  iv.  p.  1112.    Mexico. 

1807.  Diospyros  Tupru,  Bucban.  Joura  vol.  I.  p.  183.     K  Indies. 

1807.  Maba  buxifolia,  Pera.  Synops.  Plant  vol.  Ii.  p.  606.     E.  Indies. 

1807.  Diospyros  Embryopteris,  Pers.  Synops.  Plant  vol.  il.  p.  624.     E  Indies. 

1807.  Diospyros  pubescens,  Pers.  Sjruops.  Plant  voL  il  p.  625.    Cape  of  Good  Hope. 

1807.  Diospyros  guiacana,  Rob.  Voyages,  vol  ni.  p.  417.     Louisiana  and  Florida. 
1800 — 1809.    Annona  microcarpa^  Jacq.  Fragm.  Bot  p.  40.  t  44.  £  7.     Australia. 

1809.  Royena  pubescens,  Willd.  Berol.  p.  457.     Cape  of  Good  Hope. 

1810.  Diospyros  rugosula,  R  Br.  Prodr.  FL  Nov.  HolL  p.  526.  Austmlia. 
1810.  Car^lia  laxa,  R.  Br.  Prodr  FL  Nov.  HolL  p.  526.  n.  1.  Australia. 
1810.  Cargillia  australis,  R.  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  2.  Australia. 
1810.  Maba  laurina,  R  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  1.  Australia. 
1810.  Maba  obovata,  R  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  2.  Australia 
1810.  Maba  humilis,  R  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  3. 

1810.  Maba  geminata,  R  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  4     Australia. 

1810.  Maba  littorea,  R  Br.  Prodr.  FL  Nov.  HolL  p.  527.  n.  5.     Australia. 

1810.  Maba  reticulata,  R  Br.  Prodr.  FL  Nov.  HolL  p.  52a  n.  6.     Australia. 

1810.  Maba  compacta,  R  Br.  Prodr.  FL  Nov.  HolL  p.  528.  n.  7.     Australia. 

1813.  Royena  latifolia,  Willd.  Enum.  PL  BeroL  SuppL  p.  23. 

1813.  Diospyros  lancesafolia,  Roxb.  CataL  PL  class,  xiil.  Polyandr.  monog.     SiUiet. 

1813.  Diospyros  stricta,  Roxb.  CataL  PL  class,  xin.  Polyandr.  monog.    Tipperab,  E.  Indies. 
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1813.  Diospyros  bracteata,  Roxb.  CataL  PI.  clasa  xiii.  Polyandr.  monog. 
1814  Diospyros  glutinosa^  Roxb.  Hort  Bengal,  p.  40.     India. 

1814.  Diospyros  Sapota,  Roxb.  Hort.  Bengal  p.  40.     Mauritius  [cult?] 
1814.  Diospyros  Mabola,  Roxb.  Hort.  Bengal,  p.  40.     Philippine  Islands. 
1814  Diospyros  racemosa,  Roxb.  Hort.  Bengal  p.  40.     Tipperah,  K  Indies. 
1814  Diospyros  ramiflora,  Roxb.  Hort  Bengal,  p.  40.     Tipperab,  K  Indies. 
1814.  Ferriola  buxifolia,  Roxb.  Hort  Bengal  p.  72.     Coromandel 

1816.  Diospyros  sapotanigra,  DC.  Ess.  Prop.  Med.  PI  p.  200.    Mexico. 

1816.  Royena  lycioides,  [Desf.]  Cat  Hort  Paris,  ex  Poir.  in  Encyclop.  M^th.  Suppl.  vol.  iv 

p.  435.     Cape  of  Good  Hope. 

1817.  Monodora  microcarpa,  Dunal  Monogr.  Anonaa  p.  80.     Australia. 

1817.  Diospyros  caroliniana,  Muhlenb.  ex  Rafin.  Morula  Ludovic.  p.  139.     Mississippi. 

1818.  Diospyros  acapulcensis,  Kunth  in  Humb.  and  Bonpl.  Nov.  Qen.  in.  p.  254.     Mexico. 
1818.  Diospyros  psidioides,  Kunth  in  Humb.  and  Bonpl.  Nov.  Gen.  III.  p.  254.    S.  America. 
1818.  Diospyros  conduplicata,  Kunth  in  Humb.  and  Bonpl  Nov.  Gen.  in.  p.  254.    S.  America. 
1820.  Celastrus  crispus,  Thunb.  FL  Cap.  edit  ii.  vol.  ii.  p.  115.     Cape  of  Good  Hopa 

1820.  Diospyros  apeibacarpos,  Raddi,  Quar.  nuov.  del  Bras.  p.  12.  n.  10.     Brazil 

1821.  Diospyros  rubiginosa,  Roth,  Nov.  pi.  sp.  p.  385.     E.  Indies. 

1821.  Royena  myrtifolia,  Wendl.  ex  Steud.  Nomencl.  Bot  p.  705.    Cape  of  Good  Hope. 

1822.  Royena  decidua,  Burch.  Trav.  int  S.  Afric.  vol  L  p.  317.     South  Africa. 
1822.  Royena  microphylla,  Burch.  Trav.  int  S.  Afric.  vol  I.  p.  348.     South  Airica. 

1822.  Euclea  ovata,  Burch.  Trav.  int.  S.  Afric.  vol.  I.  p.  387.     South  Africa. 

1823.  Diospyros  chinensis,  Blume,  Cat.  Hort.  Buit.  p.  110.     China. 

1823.  Cavanillea  Mabolo,  Lamarck  in  Encyclop.  Mdth.  tab,  454.     Philippine  Islands. 

1824.  Maba  rufa,  Labill.  Sert.  Austr.  Caled.  p.  33.  t  36.     New  Caledonia. 

1824.  Euclea  myrtina,  Burch.  Trav.  int  S.  Afiic.  vol  II.  p.  588.     South  Africa. 

1825.  Maba  Ebenus,  Spreng.  Syst  Veg.  vol.  ii.  p.  126.    Molucca  Islands. 
1825.  Diospyros  vaccinioides,  Lindl.  in  Hook.  Exot.  Fl  t  139.     China. 
1825.  Diospyros  serrata,  Hamilt  ex  D.  Don,  Prodr.  Fl.  Nep.  p.  143.     Nepal 
1825.  Diospyros  cerasifolia,  D.  Don,  Prodr.  Fl.  Nepal  p.  144.    Nepal. 
1825.  Diospyros  cauliflora,  Blume,  Bijdr.  Fl.  Ned.  Ind.  p.  668.    Java. 
1825.  Diospyros  frutescens,  Blume,  Bijdr.  Fl.  Ned.  Ind.  p.  668.    Java. 
1825.  Diospyros  maritima,  Blume,  Bijdr.  Fl.  Ned.  Ind.  p.  669.    Java. 

1825.  Diospyros  macrophylla,  Blume,  Bijdr.  Fl  Ned.  Ind.  p.  670.    Java. 

1826.  Leucoxylum  buxifolium,  Blume,  Bijdr.  Fl.  Ned.  Ind.  p.  1169.     Java. 

1827.  Diospyros  exculpta^  Hamilt  in  Trans.  Linn.  Soc.  Lond.  vol.  xv.  p.  110.     E.  Indies. 
1827.  Diospyros  insculpta,  Hamilt.  in  Trans.  Linn.  Soc.  Lond.  vol  xv.  p.  112.    E.  Indies. 
1827.  Diospyros  Toposia,  Hamilt.  in  Trans.  Linn.  Soc.  Lond.  vol  XV.  p.  115.     Bengal 
1827.  Noltia  tricolor,  Schum.  and  Thonn.  Plant.  Quin.  p.  189.    Guinea,  Africa. 

1827.  Diospyros  edulis,  Lodd.  ex  Sweet  Hort.  Brit  p.  270.    K  Indies. 

1828 — 32.     Diospyros  incisa,  Hamilt  Hb.  ex  Wallich,  list  n.  4122  D.    E.  Indies. 

1828 — 32.    Diospyros  glutinifera,  Hb.  Madr.  ex  Wallich,  list  n.  4123  B.     Quilon,   E.   Indies. 

1828—32.    Diospyros  oblonga^  Wallich,  list  n,  4124.     Penang,  India. 
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1828 — 32.    Diospyros  (?)  frondosa,  Wallich,  list  n.  4125.    Penang,  India. 

1828 — 32.    Diospyros  venosa,  Wallich,  list  n.  4126.     Penang,  India. 

1828 — 82.     Diospyros  lucida,  Wallich,  list  n.  4127.     Singapore,  India. 

1828—32.    Diospyros  oleifolia,  Wallich,  list  n.  4128.    Amherst,  India. 

1828 — 32.     Diospyros  (?)  acuminata,  Wallich,  list  n.  4129.     Singapore,  India. 

1828—32.    Diospyros  Mabolo,  Wallich,  list  n.  4131  A. 

1828—32.    Diospyros  (?)  pilosula,  Wallich,  list  n.  4132.     Sillet,  India. 

1828—32.    Diospyros  Roylii,  Wallich,  list  n.  4134.     India. 

1828 — 32.    Diospyros  (?)  chartacea,  Wallich,  list  n.  4135.    Burmah,  India. 

1828—32.    Diospyros  undulata,  Wallich,  list  n.  4136.    Amherst,  India 

1828 — 32.    Diospyros  ehretioides,  Wallich,  list  n.  4137.    Amherst,  India 

1828 — 82.     Diospyros  heterophylla,  Wallich,  list  n.  4138.    Ava 

1828—32.    Diospyros  amoena,  Wallich,  list  a  4139.     Sillet 

1828 — 32.    Diospyros  densifiora,  Wallich,  list  n.  4140.     Moulmyne  and  Amherst. 

1828—32.    Diospyros  grata,  Wallich,  list  n.  4142.     Nepal 

1828—32.    Diospyros  (?)  foliolosa,  Wallich,  list  n.  4143.      S.  India 

1828—32.    Diospyros  multiflora,  Wallich,  list  n.  4144.     Sillet. 

1828—32.    Diospyros  Wightiana,  Wallich,  list  n.  4406.     India 

1828—32.    Diospyros  dubia,  Wallich,  list  n.  4407.     India    . 

1828—32.    Diospyros  nigricans,  Wallich,  list  n.  6351.    Sillet. 

1828—32.     Guatteria  (?)  flavicans,  Wallich,  list  n.  7296.     Penang. 

1832.     Diospyros  Schitze,  Bunge,  En.  Chin.  bor.  n.  237.  p.  42.     N.  China 

1834.    Diospyros  Persimon,  Wikstr.  Jahr.  Schwed.  1830.  pp.  92,  96.    N.  America 

1834.    Diospyros  punctata,  Decaisne  in  N.  Ann.  Mus.  Hist  Nat  vol  UL  p.  407.     Timor. 

1834.  Diospyros  malabarica.  Kosteletsky,  Med.  Pharmaa  Flora  (ill.)  p.  1099.     India 

1835.  Diospyros  microcarpa,  Spanoghe  in  Hook.  Comp.  Bot  Mag.  vol.  I.  p.  348.     Timor. 

1835.  Diospyros  dioica,  Spanoghe  in  Hook.  Comp.  Bot  Mag.  vol  L  p.  348.     Timor. 
1835 — ^36.    Diospyros  albens,  Presl,  Reliq.  Haenk.  n.  p.  62.    Mexico. 

1836.  Diospyros    angustifolia,    Lodd.    Cat    ex   Loudon,   Arb.    et   Frut    Brit    IL   p.    1197 

(1838).    N.  America 
1836.    Diospyros  fertilis,   Lodd.   Cat   ex   Loudon,   Arb.    et   Frut   Brit   u.  p.  1197    (1838). 
N.  America 

1836.  Diospyros   ciUata,  Rafin.   New  Flora   and   Bot    N.   Amer.  part  in.   p.  26.     Florida, 

N.  America 

1837.  Diospyros  biflora,  Blanco,  Fl.  FiUpin.  p.  303.     Philippine  Islanda 
1837.    Diospyros  pilosanthera,  Blanco,  FL  Filipin.  p.  304.    Philippine  Islands. 
1837.    Sapota  nigra,  Blanco,  FL  Filipin.  p.  409.     Philippine  Islands. 

1837.    Diospyros  pterocalyx,  Bojer,  Hort.  Maurit  p.  200.    Mauritius. 

1837.    Diospyros  Loureiriana,  G.  Don,   Gen.  Syst  Gard.  and   Bot  voL  iv.  p.  39.     E  Trop. 

Africa 
1837.    Embryopteris  gelatinifera,  G.  Don,  Gen.  Syst  Gard.  and  Bot  voL  rv.  p.  41.    K  Indies. 
1837.    Embryopteris   discolor,  G.  Don,  Gen.  Syst  Gard.  and  Bot  voL  IV.  p.  41.    Philippine 

Islands. 
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1837.     Embryopteris  racemosa,  G.  Don,  Gen.  Syst  Gard.  and  Bot  vol  iv.  p.  41,    Sillet 
1837.     Embryopteris  Loureiriana,  G.  Don,  Gen.  Syst  Gard.  and  Bot  vol.  iv.  p.  41.    Cochin  China. 
1837.     Embryopteris  Kaki,  G.  Don,  Gen.  Syst  Gard.  and  Bot  vol.  iv.  p.  41.    Japan,  China 

and  Cochin  China. 
1837.     Diplonema  elliptica,  G.  Don,  Gen.   Syst  Gard.  and  Bot  voL  iv.    p.   42.    Cape  of 

Good  Hope. 
1837.    Diplonema   ambigua,  G.  Don,  Gen.   Syst   Gard.   and  Bot   voL   IV.   p.  42.    Cape  of 

Good  Hope. 
1837.    Maba  (?)  Ebenoxylon,  G.  Don,  Gen.  Syst  Gard.  and  Bot.  voL  rv.  p.  43.     Cochin  China. 
1837.    Royena  cordata,  K  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dr^.  p.  7.    Cape  of  Good  Hope. 
1837.    Royena  brachiata,  R  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.    Cape  of  Good  Hope. 
1837.     Royena  cuneifolia>  E.  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.    Cape  of  Good  Hope. 
1837.    Royena  rugosa,  K  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg,  p.  7.    Cape  of  Good  Hope. 
1837.    Euclea  rufescens,  K  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.    Cape  of  Good  Hope. 
1837.    Euclea  macrophylla,   R  Meyer,   Cat   PL  Exsicc.  Afr.   Austr.   Dreg.    p.   7.     Cape  of 

Good  Hope. 
1837.  Euclea  lanceolata,  R  Meyer,  Cat.  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cax>e  of  Good  Hope. 
1837.  Euclea  polyandra,  R  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cape  of  Good  Hope. 
1837.  Euclea  tamentosa,  R  Meyer,  Cat  PL  Exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cape  of  Good  Hope. 
1837.  Euclea  acutifolia,  E.  Meyer,  Cat  PL  exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cape  of  Good  Hope. 
1837.  Euclea  rigida,  E.  Meyer,  Cat  PI.  exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cape  of  Good  Hope. 
1837.  Euclea  pseudebenus,  E.  Meyer,  Cat  PL  exsicc.  Afr.  Austr.  Dreg.  p.  7.  Cape  of  Good  Hope. 
1837.    Leucoxilon  laurinum,  E.  Meyer,  Cat.  PL  exsicc.  Afr.  Austr.  Dreg.  p.  7.    Cape  of  Good 

Hope. 
1840.    Myrsina  Eellau,  Schimper  in  PL  Abyss,  exsicc.  sect.  i.  n.  159.    Abyssinia. 
1840.    Diospyros  mollis.  Wall,  ex  Steud.  NomencL  Bot.  edit.  ii.  part  1.  p.  514.    Tavoy,  E.  Indies. 
1840.    Diospyros  Paralea^  Steud.  NomencL  Bot.  edit.  n.  part.  1.  p.  514.    S.  America. 
1840.    Diospyros  phyllomegas,  Steud.  NomencL  Bot  edit.  Ii.  part  1.  p.  514.    Java. 
1840.     Patonia  Walkerii,  Wight,  Illustr.  voL  i.  p.  19.     Ceylon. 

1840.  Diospyros    calycina,  Audib.    Cat    Hort.    Tonn.   ex    Spach,   Hist   Y^g^t   IX.  p.   405. 

N.  America. 

1841.  Royena  media,   Hort.   ex  Steud.   NomencL  Bot.   edit   ii.   voL   li.  p.  476.    Cape  of 

Good  Hope. 

1841.  Diospyros  tetrandra,  Spanoghe,  Prodr.  FL  Timor,  in  Linnsea  xv.  p.  836.    Timor. 

1842.  Kellaua  Schimperi,  Alph.  DC.  in  Ann.  Sc.  Nat.  Ser.  ii.  vol.  XVin.  p.  209.    Abyssinia. 
1842.    Diospyros  mespiliformis,  Hochst  in  PI.  Schimp.  Abyss,  exsicc.  sect  IL  nn.  655,  1243. 

Abyssinia. 
1842.    Euclea  Kellau,  Hochst.  in  PL  Schimp.  Abyss,  exsicc.  sect  li.  n  1078.    Abyssinia. 

1842.  Diospyros  intermedia,  Hort  ex  Loudon  Enc.  Tr.  and  Shr.  p.  627.    N.  America. 

1843.  Royena  rufescens,  E.  Meyer,  Pflanzengeogr.  Doc.  Dr^.  p.  164  in  Flora,  xxvi.  ii.  Cape 

of  Good  Hope. 
1843.    Royena    opaca,    R    Meyer,  Pflanzengeogr.    Doc.    Drfeg.    p.    217    in   Flora,   xxvi.   ii. 
Cape  of  Good  Hope. 
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1848.    Royena  falcata,  E.  Meyer,  Pflanzengeogr.  Doc.  Drfeg.  p.  217  in  Flora,  xxvi.  ii.     Cape 
of  Good  Hope. 

1843.  Euclea    ochrocarpa,   E.   Meyer,  Pflanzengeogr.   Doc.   Drfeg.  p.  184  in  Floiu.   xxvi.  ii. 

Cape  of  Good  Hope. 

1844.  Royena  sericea,  Bemh.  in  Flora.  XXVII.  ii.  p.  824.    Cape  of  Good  Hope. 
1844.    Euclea  Kraussiana,  Bemh.  in  Flora,  xxvil.  ii.  p.  824.     Cape  of  Good  Hope. 
1844.    Euclea  ferruginea,  Bemh.  in  Flora,  xxvn.  ii.  p.  825.    Cape  of  Good  Hope. 

1844.  Royena  ramulosa,  E.  Meyer  ex  Alph.   DC.  Prodr.  viii.  p.  212.  n.  6.     Cape   of  Good 

Hope. 

1844.  Euclea  elliptica,  Alph.  DC.  Prodr.  vol.  vlIl.  p.  216.  n.  1.     Cape  of  Good  Hope. 

1844.  Euclea  Dregeana,  Alph.  DC.  Prodr.  vol.  vill.  p.  216.  n.  2.     Cape  of  Good  Hope. 

1844.  Euclea  coriacea,  Alph.  DC.  Prodr.  vol.  viii.  p.  216.  n.  4.     Cape  of  Good  Hope. 

1844.  Euclea  natalensis,  Alph.  DC.  Prodr.  viil.  p.  218.  n.  10.    Natal. 

1844.  Royena  macrophylla,  E.  Meyer  ex  Alph.  DC.  Prodr.  vol.  viii.  p.  218.  n.  10.     Natal. 

1844.  Diospyros  (?)  pilosa,  Alph.  DC.  Prodr.  vol.  vili.  p.  219.    Cochinchina, 

1844.  Gunisanthus  pilosulus,  Alph.  DC.  Prodr.  voL  viii.  p.  220.     Sillet. 

1844.  Rospidios  vaccinioides,  Alph.  DC.  Prodr.  vol.  Yin.  p.  220.     China  and  Malacca. 

1844.  Macreightia  caribaea,  Alph.  DC.  Prodr.  vol.  viii.  p.  221.  n.  1.    St  Domingo. 

1844.  Macreightia  albens,  Alph.  DC.  Prodr.  voL  Vlli.  p.  221.  n,  2.     Mexico. 

1844.  Macreightia  acapulcensis,  Alph.  DC.  Prodr.  voL  Vlir.  p.  221.  n.  3.    Mexico. 

1^44.  Macreightia  psidioides,  Alph.  DG.  Prodr.  vol  viii.  p.  221.  n.  4?    S.  America. 

1844.  Macreightia  conduplicata,  Alph.  DC.  Prodr.  vol.  viii.  p.  221.  n.  6.    S.  America. 

1844.  Macreightia  inconstans,  Alph.  DC.  Prodr.  voL  viii.  p.  221.  n.  6.     New  Granada. 

1844.  Macreightia  Pavonii,  Alph.  Prodr.  vol.  viii.  p.  222.  n.  7.    America. 

1844.  Diospyros  cayennensis,  Alph.  DC.  Prodr.  vol.  Viii.  p.  224.  n.  8.     Cayenne,  &c. 

1844,  Danzleria  axillaris,  Bert,  ex  Alph.  DC.  Prodr.  vol.  viii.  p.  224.  n.  8.     Cayenne. 

1844.  Diospyros  Poeppigiana,  Alph.  DC.  Prodr.  vol.  viii.  p.  224.  n.  9.     Brazil? 

1844.  Diospyros  mauritiana,  Alph.  DC.  Prodr.  voL  viii.  p.  226.  n.  15.     Mauritius. 

1844.  Diospyros  macrocalyx,  Alph.  DC.  Prodr.  vol.  viii.  p.  226,  n.  17.    Mauritius  (or  Bourbon  ?). 

1844.  Diospyros  capensis,  Alph.  DC.  vol.  viii.  p.  226.  n.  19.     Cape  of  Qood  Hope. 

1844.  Diospyros  membranacea,  Alph.  DC.  Prodr.  voL  viii.  p.  227.  n.  20.     Mauritius. 

1844.  Diospyros  anonsefolia,  Alph.  DC.  Prodr.  vol.  viii.  p.  227.  n..  21.    Mauritius  (or  Bourbon  ?). 

1844.  Diospyros  Neraudii,  Alph.  DC.  Prodr.  voL  viil.  p.  227.  n.  23.     Mauritius. 

1844.  Diospyros  philippinensis,  Alph.  DC.  Prodr.  vol.  Yiil.  p.  231.  n.  43.    Philippine  Islands. 

1844.  Diospyros  squamosa,  Bojer  ex  Alph.  DC.  Prodr.  voL  Vlii.  p.  232.  n.  49  ?    Madagascar. 

1844.  Diospyros.  laevis,  Bojer  ex  Alph.  DC.  Prodr.  vol.  viii.  p.  232.  n.  50.    Madagascar. 

1844.  Diospyros   senegalensis,   Perrottet   ex    Alph.    DC.   Prodr.   vol.    Vlil.   p.    234.   n.    59? 

Senegambia. 

1844.  Diospyros  Berterii,  Alph.  DC.  Prodr.  vol.  vill.  p.  234.  n.  61.    New  Granada. 

1844.  Diospyros  citrifolia>  Wallich  ex  Alph.  DC.  Prodr.  vni.  p.  235.  n  65.    Burmah. 

1844.  Diospyros  sericea,  Alph.  DC.  Prodr.  voL  vni.  p.  236.  n.  67.    Brazil. 

1844.  Diospyros  hispida,  Alph.  DC.  Prodr.  vol  VUI.  p.  236.  n.  68?    Brazil 

1844.  Diospyros  Boutoniana,  Alph.  DC.  Prodr.  vol.  VIII.  p.  236.  n.  72.    Mauritius  (or  Bourbon  ?). 
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1844.  Diospyros  Blancoi,  Alpk  DC.  Prodr.  vol.  vni.  p.  237.  n.  74.    Philippine  Islands. 

1844.  Diospyros  Malacapai,  Alph.  DC.  Prodr.  viii.  p.  237.  n.  75.    Philippine  Islands. 

1844.  Diospyros  Canomoi,  Alph.  DC.  Prodr.  vin.  p.  237.  n.  78.     Philippine  Islands. 

1844.  Diospyros  (?)  Cunalon,  Alph.  DC.  Prodr.  voL  vni.  p.  237.  n.  79.     Philippine  Islands, 

1844.  Diospyros  feminina,  Hamilt.  ex  Alph.  DC.  Prodr.  viii.  p.  238.  n.  88.     Nepal. 

1844.  Maba  Cumingiana,  Alph.  DC.  Prodr.  voL  Yin.  p.  241.  n.  4.    Philippine  Islands. 

1844.  Maba  madagascariensis,  Alph.  DC.  Prodr.  vol.  viii.  p.  241.  n.  7.    Madagascar. 

1844.  Maba  gnineensis,  Alph.  DC.  Prodr.  voL  vnL  p.  241.  n.  8.    Guinea,  Africa. 

1844.  Maba  Smeathmanni,  Alph.  DC.  Prodr.  vol  vin.  p.  241.  n.  9.        Sierra  Leone. 

1844.  Maba  sandwicensis,  Alph.  DC.  Prodr.  vol.  Yiii.  p.  242.  n.  16.    Sandwich  Islands. 

1844.  Cargilia  maritima,  Hassk.  Cat.  PI.  Hort  Bot.  Bogor.  ii.  p.  159.     Java. 

1845.  Vaccinium  fragrans,  Wall,  ex  Voigt  Hort.  Suburb.  Calcutt.  p.  345.  n.  13.     China. 
1845.  Diospyros  grandifolia,  Wall  ex  Voigt  Hort.  Suburb.  Calcutt  p.  345.  n.  18.     Mauritius. 
1845.  Diospyros  nigra,  Blanc.  Flora  de  Filipinas,  edit.  ii.  p.  211.    Philippine  Islands. 

1845.  Diospyros  brachysepala,  Alex.  Braun  in  Leonhard  and  Bronn,  Neues  Jahrb.  Mineral. 

p.  170.    Germany. 

1846.  Diospyros  japonica,  Sieb.  and  Zucc.  Fl.  Jap.  II.  12  in  Abh.  Bayer.  Acad.  iv.  3.  p.  136. 

n.  459.    Japan. 

1846.  Diospyros  truncata,  Zoll.  and  Mor.  in  Mor.  Syst.  Verz.  Jav.  Pflanzen.  p.  43.    Java. 

1847.  Brachycheila  pubescens,  Harv.  ex  Zeyh.  in  Linnsea  xx.  p.  192.    Cape  of  Good  Hope. 
1847.  Euclea  pubescens,  Eckl.  and  Zeyh.  in  Linnsea  xx.  p.  192.     Cape  of  Good  Hope, 
1847.  Euclea  linearis,  Zeyh.  in  Linndea  XX.  p.  192.    Cape  of  Good  Hope. 

1847.  Euclea  desertorum,  Eckl.  and  Zeyh.  in  Linnsea  xx.  p.  192.     Cape  of  Good  Hope. 

1847.  Euclea  humilis,  Eckl.  and  Zeyh.  in  Linnsea  xx.  p.  192.    Cape  of  Good  Hope. 

1848.  Diospyros  Umlovok,  GriflSth,  Itinerary  Notes,  p.  355.     India. 
1848.  Diospyros  pendula,  H^selt  ex  Hassk.  Plant.  Javan.  p.  468.     Java. 
1848.  Diospyros  hexasperma,  Hasselt  ex  Hassk.  Plant.  Javan.  p.  468.    Java. 

1848.  Diospyros  ferruginea,  Spltgbr.  in  Vriese  Ned.  Kruidk.  Arch.  p.  327.     Guiana. 

1849.  Euclea  angustifolia,  Benth.  in  Hook.  Niger  Fl.  p.  441.     W.  Tropical  Africa. 
1849.  Maba  vaccinisefolia,  Benth.  in  Hook.  Niger  Fl.  p.  442.     W.  Tropical  Africa. 

1849.  Diospyros  texana,  Scheele  in  Linnsea  xxil.  p.  145.    Texas,  N.  America. 

1850.  Diospjrros  CandoUeana,  Wight,  Icon.  tt.  1221 — 2.    India. 
1850.  Diospyros  capitulata,  Wight,  Icon.  tt.  1224,  1588  bis.    India. 
1850.  Diospyros  ovalifolia,  Wight,  Icon.  t.  1227.     Madras. 

1850.  Maba  neilgherrensis,  Wight,  Ic.  PL  Ind.  Or.  nn.  1228 — 9.     Neilgherries,  India. 

1850.  Plumeria  flos-Satumi,  linger,  Gen.  et  Sp.  PL  Foss.  p.  433.     Croatia. 

1850.  Diospyros  Wodani,  Unger,  Gen.  et  Sp.  PL  Foss.  p.  435.     Croatia. 

1850.  Diospyros  Auricula,  Unger,  Gen.  et  Sp.  PL  Foss.  p.  436.    Croatia. 

1850.  Diospyros  Myosotis,  Unger,  Gen.  et  Sp.  PL  Foss.  p.  436.     Croatia. 

1850.  Anona  Lignitum,  Unger,  Gen.  et  Sp.  PL  Foss.  p.  441.     Europe. 

1850.  Celastrus  europsBus,  Unger,  Gen.  et  Sp.  PL  Foss.  p.  459.    Croatia. 

1850.  Tetrapteris  Harpyianim,  Unger,  Foss.  FL  Sotzka,  p.  46.  t.  29.  ff.  9,  10.    Europe. 

1850.  Getonia  macroptera,  Unger,  Foss.  Fl.  Sotzka,  p.  51.  t.  33.  ff.  6—8.    Europe. 
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1851.  Diospyros  amplezicaulis,   LindL  and  Paxt.  FL  Gard  voL  IL  p.  11.  n.   271.   f.   139. 

Mauritius. 

1851.  Diospyros  Scheuzeri,  AL  Br.  ex  linger,  Pflanzenwelt,  p.  233.    Europe. 

1851.  Diospyros  lancifolia,  Al.  Br.  ex  linger,  Pflanzenwelt,  p.  233.    Europa 

1851.  Diospyros  pannonica,  EttingsL  Foss.  FL  Wien,  p.  19.  t.  ill.  £  8.    Austria. 

1851.  Diospyros  hseringiana,  Ettingsh.  Tert  FL  Haring.  p.  61.  t  21.  f.  26.  t  22.  £  11.    TyioL 

1851.  Diospyros  longifolia>  Stizenberger,  Verzeichniss,  p.  83.     Europe. 

1852.  Diospyros  paniculata,  Dalzell  in  Kew  Journ.  Bot  voL  rv.  p.  109.     Bombay. 
1852.  Diospyros  pruriens,  Dalzell  in  Kew  Journ.  Bot.  vol.  iv.  p.  110.    Bombay. 
1852.  Diospyros  Qoindu,  Dalzell  in  Kew  Journ.  Bot.  voL  rv.  p.  111.     India. 

1852.  Holochilus  micranthus,  Dalzell  in'  Kew  Journ.  Bot.  voL  rv.  p.  291.     Bombay. 

1852.  Diospyros  eriantha.  Champion  in  Kew  Journ.  Bot.  voL  iv.  p.  302.     Hong  Kong. 

1862.  Diospyros  Morrisiana,  Hance  ex  Walpers  Annal.  voL  IIL  p.  14.     Hong  Kong. 

1854.  Diospyros  argenteus,  Griffith,  Notulae,  voL  rv.  p.  288.     Malacca. 

1854.  Maba  hermaphroditica,  Zollinger,  Syst  Verzeichniss  Ind.  Archip.  p.  135.     Java. 

1854.  Arbutus  diospyrifolius,  Massal.  Lett  Scarab,  p.  29.  n.  203  in  Ann.  Sa  Nat  Bologn.    Italy. 
1845 — 55.    Diospyros  laurifolia,  Rich.  FL  Cub.  in  Ramon  de  la  Sagra,  Hist,  de  Cuba,  voL  xi. 

p.  86.  tab.  55  ex  Walp.  Ann.  bot  Syst  voL  v.  p.  480  (1858). 
1851 — 6.    Diospyros  sumatrana,  Miq.  Plant  Jungh.  voL  i.  p.  203.    Sumatra. 
1851 — 5.     Maba  sumatrana,  Miq.  Plant  Jungh.  voL  L  p.  204.     Sumatra. 

1855.  Diospyros  aurea,  Teijsm.  and  Binn.  PL  n.  L  Bogor.  in  NederL  Kiiiidk.  arch.  IIL  p.  405. 

Java. 
1855.    Diospyros  laxa,  Teijsm.  and  Binn.  PL  nov.  hort  Bogor.  in  NederL  Kruidk.  arch.  III. 

p.  406.    Java. 
1855.    Rhipidostigma  ZoUingeri,  Hassk.  Retzia,  I.  p.  104.    Java. 
1855.    Rhipidostigma  Teijsmanni,  Hassk.  Retzia,  i.  p.  106.    Java. 

1855.  Qetonia  truncata,  Goeppert,  Tert.  FL  v.  Schossnitz,  p.  37.  t  25.  f.  11.     Silesia. 

1856.  Diospyros  gaultheriaefolia^  Mart.  FL  Brasil.  Eben.  p.  5.  t  2.  f.  1.    Brazil. 
1856,    Diospyros  brasiliensis.  Mart.  FL  Brazil.  Eben.  p.  5.  t  2.  f.  2.     Brazil. 
1856.    Diospyros  coccolobaefolia,  Mart.  FL  BraaiL  Eben.  p.  6.  t  1.  f.  1.     Brazil. 
1856.    Diospyros  artanthaefolia,  Mart  FL  Brasil.  Eben.  p.  7.     BraziL 

1856.  Diospyros  (?)  myrmecocarpus,  Mart.  FL  Brasil.  Eben.  p.  7.    Brazil. 

1856.  Diospyros  (?)  xylopioides.  Mart.  Fl.  BrasiL  Eben.  p.  8.     Guiana,  S.  America. 

1856.  Macreightia  obovata,  Mart  Fl.  Brasil.  Eben.  p.  9.  t  2.  f.  3.    Brazil. 

1856.  Diospyros  timoriana,  Miq.  FL  Ind.  Bat  vol.  n.  p.  1046.    Timor. 

1857.  Maba  javanica,  Zollinger,  Obs.  Bot  Nov.  p.  14  in  Natuurk.  tydschr.  NeerL  Ind.  vol.  Xiv. 

Java 
1867.    Diospyros  Kuhlii,  Zollinger,  Obs,  Bot  Nov.  p.  16  in  Natuurk.  tydschr.  NeerL  Ind.  voL  Xiv. 

Java. 
1857.    Diospyros  penduliflora,  ZolL  Obs.  Bot  Nov.  p.  15  in  Natuurk.  tydschr.  NeerL  Ind.  vol. 

XIV.  Java. 
1857.    Diospyros  Hasseltii,  Zollinger,  Obs.  Bot  Nov.  p.  16  in  Natuurk.  tydschr.  NeerL  Ind. 

vol.  XIV.    Java» 
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1857*    Drebbelia  subarborescens,  ZoU.  Obs.  Bot  Nov.  p.  16  in  Natuurk.  tydscbr,  NeerL  Ind. 
XIV.    Java. 

1857.  Brachynema  ramiflorum,  Bentb.  in  Trans.  Linn.  Soc.  Lond.  voL  xxii.  (part  ii)  p.  126, 

t.  22.     N.  Brazil. 

1858.  Diospyros  incerta,  Massalongo,  Synops.  FL  Foss.  Senigall.  p.  76.  n.  197.    Europe. 

1859.  Diospyros  anceps,  Heer,  Fi.  Tert.  Helv.  in.  p.  12.   t.  cii.  ff.  15 — 18.     Oeningen,  &c., 

Europe. 
1859.     Macreightia  gennanica,  Heer,  FL  Tert.  Helv.  vol.  in.  p.  13.  t.  ciii.  S,  1,  2.     Oeningen, 

&c.,  Europe. 
1859.    Cassia  pbaseolites,  Heer,  Fl.  Tert.  Helv.  vol.  in.  tab.  138.  f.  2  {soltm).    Europe. 
1859.    Diospyros  laurina,  Massalongo,  Syllab.  PI.  Foss.  Tert.  Venet.  p.  77.     Italy,  Europe. 
1859.    Diospyros  Weberii,  Masaal.  Syllab.  PL  Foss.  Tert.  Venet.  p.  77.     Italy. 
1859.    Macreightia  italica,  Massalongo,  Syllab.  PL  Foss.  Tert.  Venet.  p.  77.     Italy,  Europe. 

1859.  Macreightia  (?)  umbellata,  Massal.  Syllab.  PL  Foss.  Tert.  Venet.  p.  77.    Italy. 

1860.  Diospyros  pyrrhocarpa,  Miq.  FL  Ind.  Bat.  SuppL  I.  p.  583.    W.  Sumatra. 
1860.     Diospyros  Diepenhorstii,  Miq.  FL  Ind.  Bat.  SuppL  I.  p.  583.    W.  Sumatra. 
1860.     Diospyros  Teysmanni,  Miq.  FL  Ind.  Bat.  SuppL  i.  p.  583.     S.  Sumatra. 
1860.     Diospyros  (?)  cystopus,  Miq.  FL  Ind.  Bat.  SuppL  i.  p.  584.     S.  Sumatra. 
1860.     Maba  (?)  lamponga,  Miq.  FL  Ind.  Bat  SuppL  l.  p.  584.     S.  Sumatra. 
1860.     Diospyros  crumenata,  Thwaites,  Enum.  Ceylon  PL  p.  179.  n.  5.     Ceylon. 
1860.     Diospyros  aflfinia,  Thwaites,  Enum.  Ceylon  PL  p.  179.  n.  6.     Ceylon. 
1860.     Diospyros  quaesita,  Thwaites,  Enum.  Ceylon  PL  p.  179.  n.  7.     Ceylon. 
1860.     Diospyros  oocarpa,  Thwaites,  Enum.  Ceylon  PL  p.  180.  n.  9.     Ceylon. 
1860.     Diospyros  insignis,  Thwaites,  Enum.  Ceylon  PL  p.  180.  n.  10.    Ceylon. 
1860.    Diospyros  oppositifolia,  Thwaites,  Enum.  Ceylon  PL  p.  181.  n.  11.     Ceylon. 
1860.     Diospyros  Gardneri,  Thwaites,  Enum.  Ceylon  PL  p.  181.  n.  12.     Ceylon. 
1860.     Diospyros  Moonii,  Thwaites,  Enum.  Ceylon  PL  p.  182.  n.  16.     Ceylon. 
1860.     Diospyros  acuta^  Thwaites,  Enum.  Ceylon  PL  p.  182.  n.  17.     Ceylou. 
1860.    Diospyros  attenuata,  Thwaites,  Enum.  Ceylon  PL  p.  182.  n.  18.     Ceylon. 
1860.     Maba  augustifolia,  Miq.  ex  Thwaites,  Enum.  Ceylon  PL  p.  183.     Ceylon. 
1860.     Macreightia  oblongifolia,  Thwaites,  Enum.  Ceylon  PL  p.  183.     Ceylon. 

1860.  Diospyros  vetusta,  Giebel,  Flora  Braunkohl.  in  Zeitschrift,  voL  XVL  p.  57.     Prussia, 

1861.  Maba  nigrescens,  Dalzell  in  Dalz.  and  Gibs.  Bomb.  FL  p.  142.    Bombay. 

1861.     Macreightia  intricata,  A.  Gray  in  Proceed.  Amer.  Acad.  voL  V.  p.  163.     Lower  Cali- 
fornia. 

1861.  Ebenacites  rugosus,  Saporta,  Exam.  AnaL  FL  Tert.  Prov.  p.  31.     S.E.  France. 

1862,  Diospyros  samoensis,  A.  Gray  in  Proceed.  Amer.  Acad.  voL  v.   p.  326.      Navigators* 

Island. 
1862.    Maba  foliosa,  Rich,  ex  A.  Gray  in  Proceed.  Amer.  Acad.  voL  V.  p.  326.    Feejee  Islands. 
1862.    Diospyros  senensis,  Klotzsch  in  Peters  Mossamb.  i.  p.  183.     Mozambique. 
1862.    Diospyros  squarrosa,  Klotzsch  in  Peters  Mossamb.  i.  p.  184    Mozambique. 
1862.    Diospyros  bicolor,  Klotzsch  in  Peters  Mossamb.  I.  p.  184.     Mozambique. 
1862.    Diospyros  Waldemarii,  Klotzsch  in  Prinz.  Waldem.  Preuss.  p.  101.  t.  55.     India. 
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1862.  Diospyros  rugosa,  Saporta  in  Ann.  Sc.  Nat.  ser.  iv.  vol.  xvn.  p.  264. 1. 11.  f.  3,    S.  E. 

France. 

1863.  Maba  natalensia,  Harvey,  Thes.  Capens.  vol  u.  7.    Natal. 

1864.  Maba  inconstans,  Griseb.  Fl.  Brit  W.  Ind.  p.  404.    Tropical  America. 

1864.    Diospyros  Amottiana,  Miq.  ex  Thwaites,  Enum.  Ceylon  PI.  p.  423.    E.  Indies. 
1864.    Macreightia  ovalifolia,  Thwaites,  Enum.  Ceylon  PL  p.  424.  n.  2.     Ceylon. 
1864.    Macreightia  acuminata,  Thwaites,  Enum.  Ceylon  PI.  p.  424.  n.  3.     Ceylon. 

1864.  Cargillia  pentamera,  Woolls  and  F.  MuelL  in  F,  MuelL  Fragm.  iv.  p.  82.    Australia. 

1865.  Diospyros  varians,  Saporta  in  Ann.  Sc.  Nat.  ser.  v.  voL  HL  p.  111.  t.  iv,  f,  14,  t.  vi. 

f.  4.    S.  K  France. 

1866.  Diospyros  halesioides,  Griseb.  Cat.  PI.  Cubena  p.  168.     Cuba. 
1866.     Macreightia  buxifolia,  Griseb.  Cat.  PI.  Cubens.  p.  169.    R  Cuba. 
1866.     Cargillia  mabacea,  F.  MuelL  Fragm.  v.  p.  162.    Australia. 
1866.    Maba  quadridentata,  F.  MuelL  Fragm.  v.  p.  162.    Australia. 
1866.    Maba  Cargillia,  F.  MuelL  Fragm.  Y.  p.  162.    Australia. 

1866.     Maba  pentamera,  F.  MuelL  Fragm.  v.  p.  163.     Australia. 

1866.    Cargillia  megalocarpa,  F.  MuelL  Fragm.  v.  p.  163.    Australia. 

1866.    Maba  megalocarpa,  F.  MuelL  Fragm.  v.  p.  163.    Australia. 

1866.    Maba  interstans,  F.  Muell.  Fragm.  Y.  p.  163.    Australia. 

1866.    Maba  fasciculosa,  F.  MuelL  Fragm.  Y.  p.  163.     Australia. 

1866.    Maba  cupulosa,  F.  MuelL  Fragm.  Y.  p.  164.    Australia. 

1866.    Maba  serioocaipa,  F.  MuelL  Fragm.  Y.  p.  164.    Australia. 

1866.    Maba  Hillebi-andii,  Seem.  FL  Vit  p.  151.     Sandwich  Islands. 

1866.    Maba  Andersoni,  [Solander]  ex  Seem.  Fl.  Vit.  p.  152.     Tonga  Islands. 

1866.    Euolea  miocenica,  Unger,  SylL  PL  Foss.,  pug.  iii.,  in  Denkschrift.  XXY.  p.  25.  t.  viil  f.  8. 

Croatia. 
1866.    Euclea  ApoUinis,  Unger,  SylL  PL  Foss.,  pug.  iii.,  in  Denkschrift.  xxY.  p.  26.  t.  viiL  f.  10. 

Croatia. 
1866.    Rhododendron  ApoUinis,  Ettingsh.  ex  Ung.  Syll.  PL  Foss.,  pug.  iii,  in  Denkschrift.  xxv. 

p.  26.     Croatia, 
1866.    Diospyros  Zollikoferi,  Unger,  Syll.  PL  Fosa,  pug.  iii.,  in  Denkschrift  xxv.  p.  27.  t  ix. 

1 6.     Styria. 
1866.    Diospyros  obliqua,  Unger,  SylL  PI  Foss.,  pug.  iiL>  in  Denkschrift.  xxv.  p.  29.  t,  ix.  f.  17. 

Croatia. 
1866.    Diospyros  Royena,  Unger,  SylL  PL  Foes.,  pug.  iiL,  in  Denkschrift;.  xxv^  p.  29.  t.  ix. 

ffi  18,  19.     Croatia. 
1866.    Diospyros  Parthenon,  Unger,  Syll.  PL  Foss.,  pug.  iii*,  in  Denkschrift;.  xxv.  p.  29,  t.  ix. 

f.  8.    Europa 
1866.    Diospyros  Lignitum,  Unger,  SylL  PL  Foss.,  pug.  iii,  in  Denkschrift;.  xxY.  p.  30.  t  ix. 

f.  9.    Europe. 

1866.  Diospyros  lotoides,  Unger,  SylL  PL  Foss.,  pug.  iiL,  in  Denkschrift;.  xxY.  p.  30.  t.  x. 

ffi  1—12.    Europe. 

1867.  Diospyros  assimilis,  Bedd.  Bep.  Ind.  For.  Madr.  p.  20.  "t  i."    S.  Canara»  India. 
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1867.    Diospyros  mabacea,  F.  Muell.  Austral.  Veg.  in  Intercolonial  Exhibition  Essays,  1866—67, 

p.  35.     East  Australia. 
1867.    Diospyros  megalocarpa,  F.  MuelL    he.  cit  p.  35.     North  Australia. 
1867.    Diospyros  &sciculosa,  F.  MuelL     loc.  dt  p.  35.     East  Australia. 
1867.    Diospyros  cupulosa,  F.  Muell.     foe.  cit,  p.  85.     Queensland. 
1867.    Diospyros  sericocarpa,  F.  Muell.    loc.  cit  p.  35.    Queensland. 
1867.    Diospyros  Cargillia,  F.  MuelL     loc.  cit  p.  35.     East  Australia. 

1867.    Diospyros  pentamera,  Woolls  and  F.  Muell.  ex  F.  MuelL    loc  cit.  p.  35.    East  Australia. 
1867.    Diospyros  humilis,  F.  MuelL    loc.  dt  p.  35.    Queensland  and  North  Australia. 
1867.    Diospyros  geminata,  F.  Muell.     foe.  cit.  p.  35.     Queensland. 

1867.    Euclea  relicta,  Unger,  Foss.  FI.  Eub.  in  DenkschrifL  xxvii.  p.  68.  t.  xL  f.  39.    Negropont. 
1867.    Royena  gr»ca,  Unger,  Foss.  FL  Eub.  in  Denkschrift,  xxvn.  p.  68.  t.  xi   ffi  40—51. 

Negropont 
1867.    Royena  Anialthe»,  Unger,  Foss.  FL  Eub.  in  Denkschrift.  xxvil.  p.  69.  t  xiv.  f.  1. 

Negropont 
1867.    Royena  Euboea,  Unger,  Foss.  FL  Eub.  in  Denkschrift.  xxviL  p.  69.  t  xiv.   S.  2—4- 

Negropont 
1867.    Royena  Myosotis,  Unger,  Foss.  FL  Eub.  in  Denkschrift.  xxvn.  p.  69.  t  xiv.  ffi  5 — 8. 

Negropont 

1867.  Royena  Pentelici,  Unger,   Foss.  FL  Eub.  in  Denkschrift.  xxvn.  p.  70.   t  xiv.    f.  9. 

Negropont 

1868.  Diospyros  Loveni,  Heer,  FL  Foss.  Arct.  p.  118.  t  vii.  ff.  7,  8.  t  xlvii  f.  8.    N.  Greenland. 

1868.  Diospyros  oligandra,  Bedd.  Rep.  Forests  Madras,  1867 — 68,  p.  25.    Madras,  India. 

1869.  Diospyros  hebecarpa,  A  Cunn.  ex  Benth.  FL  Austr.  IV.  p^  286.  Australia. 
1869.  Maba  hemicycloddes,  F.  Muell.  ex  BentL  FL  Austr.  rv.  p.  290.  Australia. 
1869.    Maba  laxiflora,  Bentb.  FL  Austr.  iv.  p.  290.    Australia. 

1869.  Diospyros  speciosa.  Wood,  Rep.  Forests  Oudh,  1867—68,  p.  83.    Oudh,  India. 

1870.  Diospyros  costata,  Carriere  in  Rev.  Hortic.  p.  134.    China. 

1870.  Macreightia  andamanica,  Kurz,  Rep.  Yeg.  Andam.  edit.  n.  p.  42.    S.  Andaman. 

1871.  Diospyros  microphylla,  Bedd.  Ic.  PL  Ind.  Or.  p.  27.  t  cxxxiiL     S.  India. 
1871.    Diospyros  canarica,  Bedd.  Ic.  PL  Ind.  Or.  p.  27.  t  cxxxiv.    S.  Canara. 
1871.    Diospyros  Thwaitesii,  Bedd.  Ic.  PL  Ind.  Or.  p.  27.  t  cxxxv.    Ceylon. 
1871.    Diospyros  nilagirica,  Bedd.  Ic  PL  Ind.  Or.  p.  27.  t  cxxxvi    S.  India. 

1871.    Diospyros  rhodocalyx,  Eurz  in  Joum.  Asiat  Soa  BengaL  XL.  Pt  ii  p^  71.    Siam. 
1871.    Diospyros  dasyphylla,  Eurz  in  Joum.  Asiat  Soc.  Beng.  voL  XL.  Pt  iL  p.  71.    E.  Indies. 
1871.    Diospyros  Brandisiana,  Kurz  in  Joum.  Asiat  Soc.  Beng.  XL.  ii  p.  72.    Burmah. 
1871.    Diospyros  bnrmanica^  Kurz  in  Joum.  Asiat  Soc.  Beng.  xu  iL  p.  78.    Pegu. 
187L    Diospyros  variegata,  Kurz  in  Joum.  Asiat  Soc.  Beng.  XL.  iL  p.  73.    Pegu. 
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L    BOYENA,  Linn.  Gen.  Plant  p.  114.  n.  325  (1737). 

Flores  ac&piua  hermaphroditi  et  pentameri. 

Calyx  plemmque  CLCcrescena,  campantdatiis  vel  wrceolatua  vel  raro  depresso-hemisphericus. 

Corolla  urceolata  vd  campcmulata ;  lobis  in  prceflordtione  sinistrorse  contortis. 

Stamina  numero  lobonmi,  ootoIUb  dupla  raro  plura,  in  verticiUum  unicum  diaposita. 

Ovarium  hirautum,  4-10-{octi2are ;  ovfda  in  locidis  solitaria. 

Frutices  rarius  arbores  africani;  foliis  altemis,  plerumque  ooriaceis;  peduncuHs  azillaii- 
bus,  ssepius  unifloris. 

Alph.  DC.  Prodr.  vra.  p.  210  (1844);  J.  G.  Agardh,  Theor.  Syst.  PL  tab.  x.  f.  18  (1868) ; 
Harv.  MSS.;  non  Houston  in  Linn.  Sp.  PL  p.  628  (1753)  (=Loeselia). 

Pistachia  (sp.)  Pluknet.  Almag.  p.  298.  t.  63.  f.  4.  t.  317.  f.  5  (1691,  1696). 

VitisIdoBa  (sp.)  Plukn.  Almag.  p.  391.  Pbytogr.  t.  321.  f.  4  (1696). 

Staphylodendrum,  Commelin.  Hort.  Amstelod.  I.  p.  187.  t.  96  (1697). 

Staphylodendron,  Hermann,  Paradisus  Batavus,  p.  232  cum  tab.  (1698). 

Arlmtus  (sp.)  Linn.  Hort.  Cliff,  p.  163  (1737). 

Btixus  (sp.)  Linn,  in  Herb.  Gronov. 

Vaccinium  (sp.)  Mill.  Gard.  Diet.  edit.  VI.  (1771). 

Boyenia,  auct,  non  Houst. 

Flowers  usually  hermaphrodite  and  pentamerous,  in  one  species  tetramerous,  and  in  R, 
ambigua  5-7-merou8. 

Calyx  5-4-partite  5-fid  or  5-toothed  at  apex,  pubescent,  usually  accrescent  in  fruit 

Corolla  usually  5-fid,  urceolate  or  campanulate,  with  obtuse  reflexed  lobes. 

Stamens  10,  rarely  12 — 14,  in  one  species  8;  inserted  in  one  row  at  the  base  of  the 
corolla,  usually  2  opposite  each  of  its  lobes ;  filaments  very  shoi-t,  glabrous ;  anthers  lanceolate- 
linear,  haiiy  or  in  R.  sessili/olia  glabrous,  dehiscing  longitudinally  by  lateral  slits,  rarely  in 
subhermaphrodite  flowers  barren. 

Ovary  pubescent,  4-10-celled;  cells  1-ovuled;  rarely  abortive  in  male  flowers. 

Styles  2-5  or  style  2-5-partite  or  -lobed. 

Fruit  coriaceous,  globose  ovoid  or  oblong,  sometimes  5-sided  and  splitting  by  valves. 

Seeds  as  in  the  family;   albumen  not  ruminated. 

Shrubs  or  small  trees  or  even  large  trees  (see  Burchell,  Trav.  L  390)  mostly  limited  to 
South  Africa,  but  two  species  (R.  pattern  and  R,  cistoides)  reaching  the  tropics. 

Leaves  alternate,  simple,  entire,  shortly  petiolate  or  subsessile  or  in  one  species  quite 
sessile,  according  to  Dr  Harvey  evergreen.     Bracts  1 — 5. 

Flowers  axillary,  peduncled,  solitary  or  in  R,  glabra  1-5  together  or  in  R.  parviflora  in 
3-5-flowered  cymes. 

Named  after  Adrian  van  Royen,  Professor  of  Botany  in  the  University  of  Leiden,  who 
died  in  1779  at  the  age  of  74. 

English  name;  African  bladder-nuts. 

Alph.  De  Candolle  describes  10  small  glands  at  the  base  around  the  ovary;  I  do  not, 
however,  notice  any  such  in  any  of  the  species  of  the  genus. 
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ROYENA. 
Est  to  the  Species. 
Flowers  5 — 7-,  usually  5-,  merous.    Fruit  not  glandular  or  rarely  so. 
Calyx  5-lobed  only  at  the  apex. 
Calyx  divided  half  way  down  or  deeper. 

Leaves  cordate  or  sub-cordate  or  rarely  rounded  at  base. 

Style  2-lobed.    Leaves  subsessile. 

Leaves  smooth.     Flowers  hermaphrodite. 

Leaves  scabrous,    i  Flowers  with  rudimentary  ovary. 
Style  4 — 5-lobed.  Leaves  distinctly  petiolate. 

Leaves  narrowed  at  base,  not  cordate. 


1.  B.  lucida. 


2.  JS.  cordata, 

3.  iZ.  scahrida. 
4  JS.  viUosa. 


Peduncles  short,  not  or  scarcely  longer  than  the  flowers. 

Leaves  subsessile.    Anthers  10,  hirsute.  5.  R.  hirsute^. 

Leaves  sessila    Anthers  14,  glabrou&  6.  B.  sessiUfolia, 

Peduncles  nearly  as  long  as  the  leaves  or  much  longer  than  the  flowers. 

Flowers  solitary. 

Calyx  patent  or  reflexed  in  fruit. 
Leaves  more  than  \  in.  long. 

Flowershermaphrodite,  5-,  rarely  4-,  merous.  7.  R.paUens. 
Flowers  polygamous,  5 — ^7-merous.  8.  R,  ambigtUL 

Leaves  under  ^  in.  long.  9.  R,  nitene. 

Calyx  appressed  to  fruit  10.  B.  cistaides. 

Flowers  in  1 — 5-flowered  cymes. 


I  Leaves  narrowly  elliptical,  ^-  1  in.  long. 
I  Leaves  obovate,  2 — 6^  in.  long. 

Flowers  tetramerous  or  rarely  pentamerous.    Fruit  glandular. 


11.  B.  glabra. 

12.  B.pafvificra. 

13.  B.  gUmdvlom. 


Digitized  by 


Google    - 


80  Mr  HIERN,   on  EBENACEiE. 

1.     ROYENA  LUCIDA,  Linn.  Sp.  PL  p.  897.     (1768). 

B,  foliia  ellipticis  vel  ovatis,  basi  rotundatia  vel  cordatis,  coriaceis,  nitidis,  breviter 
petiolcUis;  Jhribua  hermaphroditis,  pentameris;  pedv/ncuMa  wnifloris;  calyce  campanvlato, 
ampliato,  vJtringue  hirauto,  apice  breviter  denttUo,  in  fructu  accrescente ;  stylo  bifida ;  ovario 
4floculari,  4^ovidato. 

Gaertn.  Fruct  et  Sem.  pi.  ii.  p.  80.  t.  94.  f.  4  (1791). 

Jacq.  Fragm.  Bot.  p.  3.  t  L  f.  6  (1800—1809). 

Lam.  TabL  EncycL  ii.  p.  492.  t.  370.  £  1.  {not  good)  (Anno.  vin.  1800  ?). 

Best  in  Annal.  Mus.  VI.  p.  445.  t.  62.  £  3  (An.  xili.— 1805). 

Alph.  DC.  Prodr.  viii.  p.  211.  n.  1  (1844). 

lindl.  in.  Bot.  Beg.  xxxii.  t.  40  (1846). 

Pappe,  Silva  Capensis,  p.  20  (1854). 

Pisiachia  africana  s.  Staphylodendron  jEthiopicum  MovoXa<notcaXXfivofi€vo<f>v\Xov  singu- 
lari  hirsuto  folio  nitente,  Pluknet!  Almag.  p.  298,  Phytogr.  Tab.  63,  £  4,  tab.  317.  f.  5 
(1696,  1691). 

Staphtlodendbtjh  africanum  semper  virens,  foliis  splendentibns,  Commelin.  Hort. 
Amstelod.  i.  p.  187.  t.  96  (bad).     (1697.) 

Staphylodendron  africanvm  folio  singulari  lucido,  Herm.  Paiad.  Batav.  p.  232  cum 
tab.  (1698),  Linn.  Hb.  Hort.  Cliff.  1 

Royena  foliis  ovatis  scabriusctdisy  Linn.  Syst.  Veg.  p.  410  (1784). 

An  evei*green  shrub  5^12  feet  high  with  numerous  branches: 

Stem  6—12  inches  thick.  Bark  black,  rather  smooth.  Wood  hard,  tough,  yellowish 
with  brownish  stripes  when  polished,  well  adapted  for  furniture,  tools,  screws,  &c.,  but 
chiefly  used  for  wagon  work  {Dr  Pappe).  Young  parts  covered  with  subferruginous 
pubescence. 

Leaves  elliptical  or  somewhat  ovate,  usually  pointed  or  apiculate  at  apex,  obtuse  or  sub- 
acute, rounded  or  cordate  very  rarely  somewhat  narrowed  at  base,  shortly  petiolate,  coriaceous, 
^— 2^  inches  long  by  ^— l^in.  wide,  glabrescent  and  shining  above,  hirsute  especially  on  the 
midrib  and  margin  or  glabrate  beneath;  midrib  in  slight  relief  on  both  sides;  lateral 
veins  not  conspicuous ;  petioles  ^  —  ^  in.  long,  pubescent. 

Bracts  small  or  foliaceous,  sericeous,  caducous. 

Peduncles  axillary,  solitary,  1-flowered,  pubescent,  patent  or  arching,  J  —  1  in.  long,  on 
young  branches,  bearing  1  —  3  bracts. 

Flowers  i  —  J  in.  long,  hermaphrodite. 

Calyx  urceolate,  sericeous  on  both  sides,  J  — Jin.  long,  5-toothed  at  apex,  much  accres- 
cent in  fruit;  teeth  short,  acute. 

Corolla  urceolate,  5-fid,  with  rounded  lobes  puberulous  on  both  sides. 

Stamens  (9—)  10,  inserted  at  the  base  2  opposite  or  corresponding  to  each  lobe  of  the 
corolla,  ^in.  long,  equal;  filaments  very  short,  glabrous;  anthers  lanceolate-linear,  hispid  on 
upper  half,  glabrous  below. 

Ovary  conical,  pubescent,  4-ceUed,  4-ovuled ;  surmounted  by  bifid  style,  glabrous  above ; 
stigmas  punctiform. 
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Fruit  ovoid  or  subglobose,  ^ — 1  in.  in  diameter,  enclosed  by  inflated  pubescent  or  subgla- 
brate  calyx,  2 — 4-celled  and  -seeded,  red  and  fleshy  when  ripe;  flesh  firm,  whitish.  Seeds 
glabrous,  rather  shining,  yellowish ;  testa  thin ;  albumen  cartilaginous,  hard,  white ;  embryo 
half  to  two-thirds  of  the  length  of  the  albumen,  somewhat  curved  inwards ;  cotyledons  ovate, 
rather  shorter  than  the  radicle. 

In  Cape  Colony  known  by  the  name  of  Zwartbaste  (blackwood).  See  Burchell,  Travels, 
vol  L  p.  317  (1822). 

Grows  in  forests,  stony  places,  on  the  sides  of  mountains,  &c.  South  Africa.  From  Cape 
Town  eastwards  to  NataL  Beeves  !;  EcklonI  698  ("jff.  hirsuta,"  on  the  eastern  side  of  Devil's 
Mountain) ;  Drige  A.  (above  the  waterfall  at  Duivelsberg  1000 — 2000  ft.  alt  May),  B.  (Bosch- 
rivier,  in  a  wood,  below  500  ft.  alt.  October),  c!  (Katrivier,  in  a  wood  on  a  hill,  1000 — 
2000  ft.  alt.  November) ;  T.  Cooper!  1062  (Orange  Free  State)  ;  Miller!;  Bowie!;  DrPappe! 
(slope  of  Devil's  Mountain);  Burchell!  5256  (Hartebeest-Vlakte  and  Kaatje's  Kraal),  5415 
(in  a  forest  close  to  Melkhout  Kraal) ;  Boxburgh !;  Harvey !;  Alexander !;  Mao  Owa/n !  309 
Eastern  districts;  Zeyher!  3352. 

NataL     Dr  Sutherland!   (a  low  scrubby  bush  growing  among  stones). 

It  is  cultivated  in  St  Helena,  Gen.  Walker/  (stamens  5,  abortive) ;  and  has  long  been 
introduced  into  Europe. 

2.    RoYENA  CORDATA,  E.  Mey.  CataL  PL  Exs.  Afr.  Austr.  Drfeg.  p.  7  (1837). 

R.  foliis  ellipticis  vel  ohhmgiSy  basi  cordatis,  nitidis,  coria^ceis,  apice  obtusis  vel  suhaxmtis, 
subsessilibus ;  floribus  pentameris,  hermaphroditis ;  pedunoulis  unifioris;  calyce  i-partito,  ac- 
crescente;  stylo  bilobo;  ovario  4s'locvlari. 

Alph.  DC.  Prodr.  viii.  211.  n.  2  (1844). 

B,  opacay  E  Mey.  Pflanz.  Doc.  Dr&g.  p.  217  in  Flora  xxvi.  ii.  (1848),  AlpL  DC.  Prodr. 
VIII.  p.  211.  n.  3  (1844). 

B.  svpra-cordatay  Burch.  MSS.  in  Hb.  Air.  Austr.  n.  4907  (1814). 

A  shrub  with  numerous  branches,  and  a  brown-ferruginous  pubescence  on  young  parts, 
quickly  glabrescent  and  nitescent. 

Leaves  elliptical  or  oblong,  cordate  at  base,  usually  obtuse-pointed  mucronate  or  api- 
culate  at  apex,  coriaceous,  subsessile,  often  pubescent  underneath,  ^ — 2  in.  long  by  | — 1  in. 
wide. 

Peduncles  ) — fin.  long,  arching,  bearing  2  alternate  caducous  ovate  acute  ciliate  bracts 
similar  to  the  leaves  in  shape  ^  in.  long.  Flowers  about  double  the  length  of  the  calyx, 
Jin.  long. 

Calyx  5-partite,  villous  on  both  sides,  J  in.  long ;  nearly  glabrate  in  fruit ;  lobes  ovate- 
lanceolate,  acute,  hirsute  and  ciliate ;  calyx  much  accrescent  in  fruit  with  wide  ovate  cordate 
or  auricled  lobes,  often  nearly  an  inch  long. 

Corolla  5-lobed,  with  a  short  cylindrical  tube  and  reflexed  rounded  lobes;  lobes  oblong, 
I  length  of  corolla,  puberulous  on  both  sides. 

Stamens  10,  inserted  at  base  of  corolla,  reaching  to  the  mouth  of  the  corolla,  pilosa 

Style  2-lobed;  ovary  4-celled,  pilose,  cells  1-ovuled. 

Fruit  subglobose,  half  an  inch  or  more  in  diameter. 

Vol,  Xn.  Pabt  I.  11 
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Flowers  in  November  and  December.  Grows  by  river-sides  and  among  mountains.  It 
reaches  4300  feet  altitude. 

South  Africa.    Eastern  district  of  the  Cape  of  Good  Hope,  and  Natal. 

Drige!;  Zeyher!  Uitenhage;  Mao  Owan!  429,  527,  Mountains  near  Great  Reynet; 
Mrs  HuUon!  Keiskamma^  British  KafBraria;  T,  Cooper!  35,  186,  306,  British  Kaffraria; 
Oueinzius!  Natal;  Oerrard  and  M'Ken!  12,  18,  99,  1608,  Natal;  Barber!  307,  Queenstown 
district,  a  shrub,  grows  amongst  other  bushes,  blossoms  in  spring  and  summer,  flower  pale 
cream  colour;  BwrcheU!  4166,  4186,  4907. 

3.     ROYENA  SCABRIDA,  Harv.  MSS. 

B,  foliis  ovatis,  basi  cordatis,  prcBsertim  svhtvs  scahria,  coriaceis^  suhaessilibus;  ftorOms 
pentameris,  diosds;  peduncidis  tmijloris;  calyce  o-partito;  stylo  infloribus  mascvlis  bifido,  ovario 
abortivo. 

A  shrub  with  ''branches  simple,  8—15  feet  high,"  pilose  at  the  extremities  with  pale 
hairs. 

Leaves  ovate,  cordate  at  base,  acute  or  obtuse  at  apex,  scabrous  especially  beneath, 
subsessile,  shining  above,  sericeous  when  young,  ranging  up  to  2  J  in.  long  by  If  in.  wide ; 
margins  subrevolute. 

5  Flowers  nearly  ^  in.  long,  white.  Peduncles  axillaiy,  bracteate,  much  shorter  than  the 
leaves,  1-flowered.    Bracts  ovate,  acuminate. 

Calyx  I  in.  long,  5-partite,  finely  setose,  erect;  lobes  ovate,  acuminate,  widened  near 
base. 

Corolla  appressedly  pilose,  campanulate-urceolate,  divided  |ths  way  down  into  5  ovate- 
oblong  acute  lobes. 

'  Stamens  10,  in  one  row,  inserted  at  base  of  corolla,  ^  in.  long ;  filaments  very  short, 
hairy  at  apex ;  anthers  hairy  at  and  near  apex,  linear,  acute. 

Ovary  rudimentary,  hairy;  style  bifid,  hairy  below,  glabrous  above. 

Tugela^  Natal.  Oerrard  a/ad  M'Ken!  n.  1609.  Grassy  plains.  Flowers  in  September 
and  October. 

Near  B.  cordata,  E.  Mey. 

4    RoYENA  VILLOSA,  Linn.  Systema  Naturae,  ed.  XIL  torn.  2.  p.  302  (1767). 

B.  foliis  obovato-oblongis,  basi  cordatis,  apice  obtusis,  viUosis,  petiolatis;  florHms  penta- 
metis,  hermaphroditis ;  pedimculis  1 — Z-floris;  calyce  i-partito;  stylo  i — 5-fo6o;  ovario  8—10- 
hculari. 

Alph.  DC.  Prodr.  vin,  p.  213.  n,  11  (1844). 

B.  scabra,  Burm.  Prodr.  p.  13  (1768). 

B.  scandens,  Burch,  MSS.  in  Hb.  Afi-.  Austr.  nn.  3673,  3793  (1813). 

Pubescent  trailing  shrub  with  patent  branches,  5  to  40  feet  long. 

Leaves  obovate-oblong  with  cordate  base  and  rounded  emarginate  or  shortly-pointed 
apex;  pubescent  especially  beneath,  glabrescent  and  dark  green  above,  paler  beneath,  some- 
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times  minutely  pellucid-punctate,  coriaceous^  petiolate ;  edges  recurved ;  veins  distinct,  depressed 
aboTo;   1  to  4  J  in.  long  by  J  to  2  J  in.  wide*     Petioles  { — |  in.  long,  pubescent 

Peduncles  axillary,  either  1-flowered  about  I — J  in.  long  or  3-flowered  longer  and  with 
pedicels  about  -f^  in.  long,  pubescent.  Bracts  leaf-like,  but  smaller  and  narrower  than  the 
leaves,  caducous.    Flowers  densely  pubescent. 

Calyx  with  5  ovate  or  lanceolate  partitions,  ovate,  and  accrescent  in  fruit,  closely  pubes- 
cent on  both  sides. 

Corolla  with  5  oblong  lobes  reaching  §rds  down,  tomentose  outside  except  near  base, 
glabrous  inside. 

Stamens  10,  anthers  densely  villous. 

Style  5-lobed;   ovary  8-  or  10-celled;   stigmas  punctiform. 

Fruit  globose-pentagonal,  tomentose  or  hispid,  J — |  in.  long,  surrounded  by  the  widely 
ovate  enlarged  lobes  of  the  calyx  which  reach  nearly  as  high,  sometimes  dehiscing  by  6  valves 
from  apex. 

Grows  in  woods.    South  Africa.     Eastern  districts  and  Natal. 

Dr^gel;  T.  Cooper/  1,  British  Kaffraria,  (in  flower  and  fruit.)  "Stem  30— 4?0  ft., 
trailing  or  twining  among  trees.  Flowers  yellow;"  /.  Sanderson!  150,  613,  715,  Natal  (in 
flower);  W.  T,  GerrardI  30,  Natal  (in  flower);  KraussI  226,  472,  482,  Natal  (in 
flower-bud);  GueinziusI  Natal  (in  flower);  Dr  Stuart/  (in  flower);  P.  Mac  Oman/  516, 
Grahamstown  (in  flower);  Bowie/  (in  flower-bud);  Burchell/  3673  (in  flower),  3793  (in 
leaf),  4506  (in  flower),  6054?  (in  leaf);  Masson!  Ecklon  and  Zeyher/  464,  Uitenhage; 
Gerrard  and  MKen,  613,  614,  2013,  Natal;  Alexander/ 

6.    RoYENA  HIBSUTA,  Linn.  Sp.  PL  p.  397  (1753). 

£.  foliis  oblanceolatis,  bast  cuneatis,  svbsessilibus,  Kirsutis;  jlorihus  pentameris,  herma- 
phroditis;  pedunculis  brevibiis,  uniflorU;  calyce  profunde  5-lobo;  coroUd  urceokUd;  stamini" 
bus  10;   stylo  plerumque  bilobo  et  ovario  4i'loctdari, 

Lam.  Tabl.  Encycl.  ii.  p.  493.  t.  370.  f.  2  (anno  VIIL— 1800). 

Alph.  DC.  Prodr.  viii.  p.  212.  n.  8  (1844),  non  Jacq.  nee  Eckl.  nee  Sieb. 

B.  angusti/olta,  Willd.  Spec.  Plant,  ii.  p.  633  (1799),  Alph.  DC.  I  c.  n.  5. 

tB.  cuneq^ta,  Poir.  in  Encyclop.  M^th.  vi.  p.  322  (1804),  Alph.  DC.  Ic.  p.  215.  n.  18,  non 
Spreng. 

B,  microphyUa,  Burch.  Trav.  Int.  S.  Afr.  i.  p.  348  (1822),  Alph.  DC.  Ic.  p.  212.  n.  9. 

B.  rugosa,  E.  Mey.  Cat.  PI.  Exsica  Afr.  Austr.  Drfeg.  p.  7  (1837),  Alph,  Z.c  n.  7. 

Diospyros  hirstUa,  Des£  Ann.  Mus.  vi.  p.  447.  t.  62.  f.  2  (1805),  non  L. 

D.  pvhescens,  Pers.  Synops.  ii.  p.  625  (1807),  non  PursL 

Arbutus  foliis  lanceolatis  integerrimis  hirsutism  Linn.  Hort.  Cliff,  p.  163  (1737). 

A  much-branched  rigid  shrub,  2 — 8  feet  high,  more  or  less  downy-canesoent  or 
tomentose. 

Leaves  oblanceolate,  obtuse  or  acute  at  apex,  cuneate  at  base,  subsessile,  crowded, 
coriaceous,  hairy  and  rugose  with  raised  veins  or  pitted  beneath,  \ — 1  in.  long  by  -^ — \  in. 
wide;  margins  flattish  or  recurved 
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Peduncles  1-flowered,  arching,  shorter  than  the  flowers,  ^^j — ^  in.  long,  usually  bibract* 
eate  in  the  middle. 

Calyx  deeply  5-lobed,  hairy  on  both  sides;  lobes  ovate,  accrescent,  erect  or  reflexed  in 
fruit.     Corolla  urceolate,  5-fid,  grey-felted  outside,  puberulous  inside ;  lobes  rounded  or  obtuse. 

Stamens  usually  10;  anthers  hairy;  filaments  dilated. 
^  Styles  2 — 4,  usually  2;  stigmas  more  or  less  dilated,  glabrous.     Ovary  villous,  4-,  6-, 
8-celled. 

Fruit  globose,  about  J  in.  in  diameter,  more  or  less  tomentose,  often  dehiscing  by  2  or 
3  valves.    Fruiting  calyx-lobes  rounded,  erect  or  reflexed. 

Grows  among  mountains  and  rocks  and  along  banks  of  rivers  and  reaches  5000  feet  in 
Natal.     Flowers  in  August.    Cape  of  Good  Hope,  Ealihari  region  and  Natal. 

Dr  Sutherland!  Natal  (in  flower);  Dr  Zeyherl  3350,  3351,  Uitenhage  and  Clanwilliam 
(in  flower);  BurchelU  7531  (in  leaf),  7537  (in  fruit),  7446  (in  fruit),  1696  (in  flower),  2502 
(in  fruit),  4898  (in  fruit);  Drhgel;  P.Mao  OwanI  269,  Humansdorp  (in  flower);  2!  Cooper/ 
212,  Queenstown  (in  flower);  Verreaux!;  Kravss,  1719;  S.  Africa,  Masson  Auge  and  Olden^ 
burg/;  Barber/  311,  Queenstown  district,  on  stony  hill-sides,  flowers  white,  blossoms  in 
spring. 

6.    RorENA  SESSILIFOLIA,  sp.  nov. 

B.  foliis  obloTigo^obovatis,  membranaceis,  eeasUibvs,  obtusis,  basi  angvstatis;  JloribiLS  pen^ 
tameris,  dioBcis;  pedunoulie  unifioris,  brevibus;  calyce  5^artito;  coroUd  urceolatd;  stamini- 
bii8  in  Jhre  mascido  14,  glahria;  ovario  abortivo, 

A  shrub  with  erect  stem;  branches  pubescent,  spreading  at  about  70®. 

Leaves  oblong-obovate,  sessile,  submembranous,  pubescent  beneath  and  on  both  sides  when 
young,  rounded  or  retuse  at  apex,  narrowed  to  an  obtuse  base,  1^ — 2  in.  long  by  i — fin.  wide; 
veins  inconspicuous,  depressed  on  the  upper  surface. 

Peduncles  axillary,  solitary,  bearing  one  flower  longer  than  itself,  pubescent.  Flowers 
fragrant,  J  in.  long. 

Caljrx  pubescent  outside,  5-partite,  with  lanceolate  erect-patent  3-veined  lobes  J  in.  long. 

Corolla  urceolate,  5-lobed  at  apex,  glabrous  inside,  pubescent  outside;  lobes  recui-ved,  ob- 
tuse, iViii-  long. 

Stamens  14,  glabrous;  anthers  dehiscing  from  apex;  filaments  short;  pollen  globular, 
smooth,  ri^Qj^ii^'  in  diameter. 

Ovary  rudimentary,  rounded,  pubescent. 

Pubescence  whitish.  Described  from  a  living  specimen  cultivated  in  Hort  Kew!  Approaches 
B.  a/mbigvu,  Vent,  by  having  more  than  10  stamens,  but  differs  from  it  by  its  shorter  peduncles  ; 
differs  also  from  all  other  species  of  Boyena  by  its  absolutely  sessile  leaves. 

A  specimen  in  the  Leiden  herbarium  with  sessile  leaves,  which  however  are  coriaceous  and 
usually  pointed  at  the  apex  and  have  the  veins  in  relief  on  both  sideS)  may  be  the  same  species  ; 
it  was  cultivated  in  1785. 

Cfr.  B.  latifolia,  Willd.  Enum.  PL  Hort.  Berol.  Suppl.  p.  23  (1813,  sine  descriptione),  Alph. 
DC.  Prodr.  viii.  p.  215. 
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7.    ROTENA  PALLENS,  Thunb.  Prodr.  FL  Capens.,  pare  prior,  p.  80  (1794). 

B.  foliis  anguste  obovato-ellipticis,  apice  plerumqw  cbtueis,  last  in  petiolum  brevem 
angustatis,  coriaceis;  florihvs  hermaphroditia,  plerwrnque  pmtameris;  pedunculis  plerumque 
unxfioria  flore  longioribus;   calyce  B-partito;  jstylo  3 — 5-fido;  ovario  6 — lO-foctt&tri. 

Alph.  DC!  Prodr.  vra.  p.  213,  n.  13  (1844) ;  non  Willd.  Hb.  I  n.  8363. 

R.  hirsuta,  Jacq.  Collect.  V.  p.  110.  t.  13.  f.  1  (1796),  et  Fragm.  hot.  t.  1.  f.  2  (1800— 
1809),  non  Linn,  nee  Eckl.  nee  Sieb. 

Diospyros  lycioides,  Desf.  in  AnnaL  Mus.  vi.  p.  448.  t.  62.  f.  1  (An.  xill — 1805). 

B.  puhescens,  Willd.  Hort  BeroL  p.  467  (1809),  Bot.  Reg.  t.  500  (1820),  Alph.  DC.  I  c.  n.  12. 

-R.  lycioides,  (Desf.)  Cat.  Hort.  Paris  ex  Poir.  in  Encycl.  M^th.  Suppl.  IV.  p.  435  (1816), 
AlpL  DC.  ?.c.  p.  214.  n.17. 

B.  decidua,  Burch.  Trav.  Int.  S.  Afr.  i.  p.  317  (1822). 

B,  cuneata,  Speng.  Syst  Vegetab.  il.  p.  360  (1825),  non  Poir. 

B.  brachiata,  E.  Mey.  Cat.  PL  Exsicc.  Afr.  Austr.  Dr  g.  p.  7  (1837),  Alph.  DC.  I  c.  p.  213.  n.  10. 

JB,  cmieifolia, E.  Mey. Cat.  PL  Exsicc.  Afr.  Austr. Drfeg.  p.  7  (1837),  Alph. DC.  tap. 214. n.  16. 

jB.  ramulosa,  E.  Mey.  ex  Alph.  DC.  Prodr.  vra.  p.  212.  n.  6  (1844). 

B.  sericea,  Bemh.  in  Flora  1844,  p.  824. 

B.  oleifolia,  Desf.  MSS.  (1824)  ex  Gay  MSS.  in  Herb. 

12.  hispidula,  Harv.  MSS. 

A  shrub  or  small  tree,  ranging  up  to  15  feet  in  height  Bark  reddish  brown.  Branches 
silky-pubescent  or  often  glabrescent,  pale  or  cinereous. 

Leaves  more  or  less  narrowly  obovate-elliptical,  obtuse  or  rarely  acute  at  apex,  narrowed  at 
base  into  short  petiole,  silky  especially  beneath  or  glabrate,  coriaceous,  evergreen,  ^ — 2  in,  long 
by  i — I  in.  wide ;  petioles  -^ — J  in.  long. 

Peduncles  | — |in.  long,  longer  than  the  flowers,  usually  considerably  so,  1- (rarely  2-) 
flowered,  arching,  bearing  2 — 3  narrow  bracts  about  or  above  the  middle.  Flowers  white  or 
yellowish,  hermaphrodite,  pentamerous  (or  rarely  tetramerous),  { — |  in.  long. 

CbIjx  partite;  lobes  ovate  or  lanceolate,  acute,  hirsute,  accrescent,  in  fruit  spreading  or 
reflexed. 

Corolla  deeply  lobed,  hairy  outside ;  lobes  lanceolate,  acuminate. 

Stamens  (9 — )  10,  about  half  the  length  of  the  flower ;  anthers  hirsute. 

Style  3 — 5-fid,  hairy ;  stigmas  punctiform,  glabrous.    Ovary  6-,  8-,  10-celled,  hairy. 

Fruit  subglobose  or  ovoid,  pubescent  or  rarely  glabrato,  J — 1  in.  in  diameter,  sometimes 
bursting  in  a  valvate  manner.    Albumen  of  seeds  not  ruminated. 

Reaches  5000  feet  in  Natal,  2500  at  Graaf  Reinet.    Flowers  in  Sept.,  Oct.  and  Nov.,  Jan.  Feb. 

Grows  at  margins  of  woods,  &c. 

In  South  Africa  on  the  banks  of  the  Gariep  it  is  called  by  the  natives  Zwartd>ast  (black- 
wood).    Cape  of  Good  Hope,  Elalihari  region  and  Natal;  also  in  West  tropical  Africa. 

Drige  !;  Peddie !  Natal ;  Col.  Bolton !  Grahamstown ;  T.  Williamson !  Albany ;  Alexan-* 
d&r!;  Eddon  and  Zeyher!  1127;  EvTchM!  745—1,  1750,  2371,  2930,  3301,  3325,  3396,  3472, 
3789,  4184,  4501,  5490,  5529,  5632,  6490,  6813;  Dr  Zeyher!  3348,  3353,  3354;  Burke  I  Great 
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Fish  River,  and  Crocodile  River;  Harvey!  544;  Mac  Owan,  1646;  W.  T.  Gerrard!  129,  616, 
1157,  1238,  1607,  1610,  1611,  Natal;  T.  Cooper!  272,  Queenstown;  418,  Beaufort;  1288, 
1157,  Natal;  Button!  Howison's  Port,  Eastern  Districts;  J.  Sanderson!  140,  318,  511,  527, 
717,  Natal;  Dr  Sutherland!  Natal  3000—5000  feet  alt.;  Bowker!  (103?)  Albany;  Wyley! 
103,  Namaqualand ;  Bolus!  128,  Graaf  Reinet  (flowers  in  Oct.,  fruits  in  Nov.);  KraiMsaf 
423,  Natal,  1721,  Knysna;  Cape.  NivenI  51,  large  shrub  6  or  8  feet  high,  dry  elevated 
plains  near  Qoud  river.  Tropical  Africa,  Dr  Kirk  I  Seshike  (alt  3000  feet);  C.  J.  MeUert 
Manganja  Hills  (tree :  always  found  by  streams). 

A  form  with  leaves  acute  at  both  ends  and  turning  black  in  drying  and  with  globose 
fruits  thinly  sprinkled  with  rigid  hairs  is  R.  hispidida,  Harv.  MSS.  Burchell !  Cat.  no.  3789 
at  the  Kowi  Station,  26  Sept.  1813 ;  and  no.  4501  at  the  Lead  mine,  29  January,  1814. 

Benguela.  Distr.  Huilla.  Br  Welwitsch  !  no.  2533.  A  shrub  4 — 6  ft  high,  rarely  a  small 
tree  of  8  ft  Leaves  broad.  Flowers  white,  rather  fleshy.  Fruit  puberulous.  Fruiting  calyx 
reflexed,  not  much  increased.     In  woods  and  thickets  between  Lopollo  and  Monino. 

Do.    Br  Welmtsch  !  no.  2534.     Leaves  narrower. 

Do.  Br  Welmtsch/  no.  1255.  A  small  shrub,  a  few  inches  high,  much  branched.  Leaves 
densely  sericeous,  with  some  species  of  jEcidium  growing  on  them.  A  sickly  specimen  probably 
belonging  to  R.  paliens. 

8.    RoYENA  AMBIGUA,  Vent  Jard.  Malm.  n.  17  (1803). 

R,  foliis  obovatO'ellipticis,  obttms^  basi  angustatis,  coria^eis,  hreviter  petiolojtis;  jlorihus 
6 — 7'meri8,  dioecis;  pedunoulis  unifioris,  Jlore  Umgioribus;  calyce  partito;  corolld  urceolatd; 
staminibus  10 — 14,  sterilAus  {?) ;  stylo  5 — 7-(?)  lobo. 

Alph.  DC.  Prodr.  viiL  p.  214.  n.  14  (1844). 

Biospyros  ambigua,  Vent  Mahn.  t.  17  (1803). 

R.  polyandra  p.  ambigua,  Pers.  Synops.  i.  p.  486  (1805). 

Biphnema  ambigua,  G.  Don,  Gen.  Syst  Gard.  and  Bot  iv.  p.  42  (1837). 

Shrub  with  numerous  erect-patent  or  ascending  branches  tomentose-pubescent  (at  least  in 
wild  specimen)  throughout,  about  3  feet  high  when  in  cultivation. 

Leaves  obovate-elliptical,  somewhat  narrowed  at  base  and  rounded  or  apiculate  at  apex, 
dull  green,  sometimes  minutely  pellucid-punctate,  coriaceous,  shortly  petiolate,  1  to  2  in.  long 
by  i  *<>  I  i^-  ^id^-     Petioles  -j^ — ^  in.  long. 

Peduncles  (9 )  arching  downwards,  1-flowered,  bearing  2  (or  3)  alternate  linear  bracts  about 
their  middle,  three  times  the  length  of  the  petiole  in  flower,  J  to  |  in.  long  in  fruit  Flowers 
not  hermaphrodite  (?),  drooping,  orange-yellow,  slightly  scented. 

Caljnc  with  5  (or  6  ?)  lanceolate  acute  partitions. 

Corolla  uroeolate,  5 — 7  ?-lobed :  lobes  rounded,  shorter  than  the  tube. 

Stamens  in  ?  flower  10 — 14  ?  shorter  than  the  tube  of  the  corolla,  barren. 

Style  5 — 7  ?-lobed.     Ovary  with  5 — 7  ?  external  longitudinal  furrows,  10-celled. 

Fruit  globular,  bright  pale  brown,  pubescent,  nearly  J  in.  in  diameter,  sometimes  dehiscing 
by  5  valves,  (in  one  case)  3-seeded.  Fruit-calyx  accrescent,  reflexed,  with  5  oblong-lanceolate 
partitions  ^  in.  long.    Seeds  oblong,  ^  in.  long,  pendulous. 
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South  Africa.     Burke  I  (in  fruit);    Ventenat;  Ecklm  and  Zeyher!  1126,  MagaKsbei^. 
Perhaps  ought  to  be  united  to  B.  j^aUens,  Thunb.,  of  which  Dr  Harvey  considered  it  to 
be  a  garden  variety. 

9.    RoTENA  NITENS,  Harvey  MSS. 

JB.  folits  anguste  ellipticiSy  tUrinque  plus  minvs  angustatis,  coriaceia,  suhsesailibus,  dense 
sericeis,  parvia;  pedunculia  unijloris,  semiunoiaMhus ;  calyce  frvjctifero  profunde  5-fo&o,  pavlum 
aucto;  fructu,  eUipsoideo,  solitario, 

A  closely  branched  shrub  about  4  feet  high  with  young  shoots  and  underside  of  leaves 
densely  covered  for  the  most  part  with  close  sericeous  persistent  pale  hairs.  Branches  terete, 
ascending,  with  dark  rather  shining  cuticle. 

Leaves  narrowly  oval,  crowded,  narrowed  more  or  less  at  both  ends,  coriaceous,  dark  and 
shining  above,  l-veined,  subsessile,  J — f  in.  long  by  -^ — J  in.  wide. 

Flowers  unknown. 

Fruit  on  the  young  branches,  solitary,  on  arching  pubescent  peduncles  nearly  ^  in.  long. 
Fruiting  calyx  deeply  5-lobed,  spreading,  rather  more  than  J  in.  across,  with  lanceolate  lobes 
which  are  about  ^  in.  long.  Fruit  ellipsoidal,  puberulous  with  very  short  inconspicuous  hairs, 
splitting  into  5  (?)  parts  at  the  apex,  J — 1  in.  long  by  J — |  in.  thick,  1-celled. 

S.  Africa.    Natal,     W.  T.  Oerrard/  n.  1158,  February. 

10.     ROTENA  CISTOIDES,  Welw.  MSS. 

B.  foliis  anguate  ohovatia,  apice  obttiaia  et  mticronulatia,  ad  haaim  obtuaam  angtiatatia, 
utrinque  incano-aericeia,  breviter  petiolatia,  margine  refleoco;  fructibaa  aoUtariia;  pedunciUia 
fructum  fere  cequantibua;  calyce  fructibtia  appreaao. 

A  low  shrub,  1 — IJ  ft.  high,  branched  from  the  base.  Wood  very  hard,  strong.  Branches 
terete,  ultimately  glabrate;  shoots  softly  pubescent,  erect;  the  fruiting  branches  arcuate- 
aacending. 

Leaves  alternate,  narrowly  obovate,  obtuse  and  mucronulate  at  apex,  narrowed  to  an  obtuse 
base,  incano-sericeous  on  both  sides,  sub-coriaceous,  J — IJin,  long  by  \ — |in.  wide,  shortly 
petiolate ;  margins  reflexed ;  subvenose  beneath. 

Fruiting  peduncles  axillary,  solitary,  J — |  in.  long,  patent,  hairy,  1-fruited.  Fruiting  calyx 
deeply  6-lobed,  hairy  on  both  sides,  appressed  to  the  fruit,  J — |  in.  long,  articulated  to  the 
peduncle,  with  10  little  pits  at  the  base  on  the  concave  sur&ce  of  the  articulation  probably  cor- 
responding to  the  10  cells  of  the  ovary ;  lobes  elliptical,  obtusely  pointed. 

Fruit  subglobose,  puberulous,  of  shining  golden  colour,  hard,  8— 12-celled,  \ — }  in.  in 
diameter,  often  bursting  downwards  from  the  apex,  3 — 6-seeded.  Seeds  \  in.  long.  Albumen 
of  seeds  white,  cartilaginous,  not  ruminated. 

Angola,  W.  Tropical  Africa.  Distr.  Pungo  Andongo,  3500  ft.  altitude.  Dr  Welwitach  I 
no.  2532.  In  sandy  thickets  between  Condo  and  Quisonde,  near  river  Cuanza.  Fruit  ripe 
in  March. 
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11.    ROTENA  GLABRA,  Linn.  Sp.  PI.  p.  397  (1753). 

B.  foliia  anguate  eUipUcis,  utrinque  angmtatis,  nitescentibus,  sybcoriaceis,  subsessiUbus, 
gldbrescentibua ;  florihas  pentameris,  subhermaphroditis ;  pedunculis  1 — d-floris;  caiyce  partita, 
paulum  accrescente;  stylo  bUobo;   ovario  4^lo(yulari. 

Alph.  DC.  Prodr.  Vin.  p.  214.  n.  15  (1844). 

Vaccinium  pensylvanicum,  Miller,  Gard.  Diet,  edit.  vi.  (1771). 

JS.  myHifolia,  WendL  ex  Steud.  NomencL  Bot.  p.  705  (1821),  Alph.  DC.  Ic.  p.  215. 

B.  hirmta,  Sieber !  Fl.  Cap.  Exsica  n.  94  (1824),  non  Linn,  nee  Jacq.  nee  Eckl. 

B.fakata,  E.  Mey. !  Zwei  pflanz.  doe.  Drfeg.  p.  217  in  Flora  1843,  Alph.  DC.  I  c.  p.  211.  n.  4. 

Vitis  Idcsa  cethiopica,  myrtinis  folio,  floseiiUs  dependentibus,  Plukn. !  Almag.  p.  391. 
Phytogr.  t  321.  fig.  4  (1696). 

Vitis  Idflea  sethiopiea,  buxi  minoris  folio,  floribus  albis,  Commel.  Hort.  Amstelod.  I.  p.  125. 
t.  66  (1697). 

YitiA  Idasa  foliis  angustissimis  longis  alternis,  Linn,  in  Hb.  Hort.  Cliff.  I 

?  Buxus  a&ieana  folio  oblongiori  non  serrate,  Linn,  in  Hb.  Gronov. ! 

A  shrub  with  ereet  or  aseending  branehes,  2 — 6  feet  high.  Stem  6 — 6  in.  thick.  Bark  thin, 
grey,  smooth.    Wood  light,  porous,  little  used  exeept  for  fuel  {Dr  Pappe).    Young  parts  pilose. 

Leaves  narrowly  elliptieal,  usually  narrowed  at  both  ends,  erowded,  subsessile,  at  length 
glabrous,  shining  above,  thinly  eoriaeeous,  J — 1  in.  long  by  ^ — J  in.  wide. 

Peduneles  about  as  long  as  the  leaves,  bearing  1 — 5  flowers,  hairy ;  equal  to  or  longer  than . 
the  pedieels,  arching.    Flowers  subhermaphrodite,  pentamerous.    Bracts  lanceolate. 

Calyx  partite,  usually  but  little  accrescent ;  lobes  lanceolate  or  subulate,  acute,  hairy. 

Corolla  exceeding  the  calyx,  glabrous ;  lobes  reflexed. 

Stamens  (9 — )  10,  not  always  fertile.  Style  bilobed,  hairy  below.  Ovary  nearly  glabrous, 
4-celled. 

Fruit  oblong  or  globose,  thinly  glandular-pubescent,  j — |  in.  long,  subtended  by  the  usually 
reflexed  calyx. 

South  Africa.     Cape  of  Qood  Hope.    Southern  and  Western  districts. 

Bobertsonf,  Drigef,  Sieber/  94,  WaUichf,  Mund/,  EcMon!  699,  Pappe/,  Thorn/,  Mac 
GiUivray/  610,  Krauaa/,  Masaon  / ,  Boxburgh  / ,  Niven  /  48,  Hb.Ammann/,  Nelson /,  Forster/, 
Thunberg/,  Oldenlmrg/,  W.  Miot /,  Zeyher/  3349,  Harvey/  672,  BwrcheU!  2,  808,  5093, 
5367,  5784,  6788,  7186,  7208,  7288,  Siekmann! 

12.      ROYENA    PABVIFLORA,  sp.  nov. 

B.  foliis  obovatis,  basi  cuneatis,  apice  roiimdatis  vd  ad  apicem  emarginatum  brevissime 
et  dbrupte  angustatis,  memhraaiaceis  vel  junioribus  svbcoriaceis,  petioUxtis;  floribus  pentameris, 
hemmphroditis,  cymosis;  caiyce  depresao-hemispherico,  5'fido,  lobis  deUoideis;  stylo  apice  B-lobo; 
ovario  lO-locuiari, 
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A  large  scandent  shrub  with  terete  branches.  Young  parts  and  inflorescence  softly  shortly 
and  appressedly  pubescent.  Leaves  alternate,  obovate,  cuneate  at  base,  rounded  or  very  shortly 
and  abruptly  narrowed  to  an  emarginate  apex,  membranous  or  the  smaller  ones  subcoriaceous, 
green  when  dry,  glabrous  and  with  inconspicuous  veins  above,  somewhat  paler  delicately  veined 
and  puberulous  beneath,  2 — GJin.  long  by  1— 3|in.  wide;  petiole  i— §in.  long.  Cymes  axil- 
lary on  the  young  shoots,  ^ — |  in.  long,  bearing  3 — 5  flowers ;  common  peduncle  ^ — J  in.  long ; 
lateral  pedicels  J — J  in.  long,  with  a  narrow  bract  at  base  about  as  long  as  themselves.  Flowers 
hermaphrodite,  small,  creamy- white,  articulated  at  base  to  pedicel ;  in  bud  depresso-conical,  about 
f  in.  high  and  broad.  Calyx  depresso-hemispherical,  short,  5-fid,  with  flat  base,  puberulous  out- 
side; lobes  deltoid.  Corolla  much  contorted  sinistrorsely  as  regarded  from  within,  shortly 
pubescent  outside  except  on  imbricated  sides  of  the  lobes,  glabrous  inside,  5-lobed;  lobes  obtuse, 
rounded,  ^Jths  of  the  depth  of  the  corolla.  Stamens  10,  hairy,  equal,  in  one  row,  inserted  at  base 
of  corolla.  Ovary  covered  with  very  short  hair,  depresso-conical,  10-celled,  cells  1-ovuled ;  style 
v5-lobed  at  apex,  shortly  ha'ry. 

S.  Africa,  Zulu-land,  Incansla.     Gerrard  and  M'Kenl  no.  2015. 


13.     ROYENA  GLANDULOSA,  Harvey  MSS. 

R,  foliis  ovato-ellipttcis,  dbtusis,  bad  rotundatis,  ^vbcoriaceiSy  aubsessilibvs ;  floribus  herma- 
phroditis,  plerumqvs  tetrameris;  pedwnculid  imijloris;  calyce  4t-partito;  corolld  urceolatd; 
staminihus  8;   stylo  apiCe  A^lobo;   ovario  S-loculari;  fructibus  ellipaoideis,  glanduloso-hispidis, 

A  large  shrub,  "  with  pretty  foliage  and  habit,"  8 — 10  feet  high.  Young  shoots,  peduncles 
and  fruit  glanduloso^hispid,  subferruginous.  Branches  spreading.  Leaves  alternate,  ovate-ellip- 
tical, obtusely  pointed  at  apex,  rounded  at  or  near  base,  thinly  coriaceous  or  firmly  membranous, 
ciliate  and  pilosulous  beneath,  J — 1  in.  long  by  I — i  in.  wide ;  petioles  about  ^in.  long,  hirsute. 
Flowers  hermaphrodite,  axillary  on  the  young  shoots,  about  \  in.  long,  urceolate,  articulated  to 
the  peduncle,  tetramerous.  Peduncles  spreading,  fin.  long,  1-flowered,  solitary.  Calyx  pilose 
outside,  pubescent  inside,  4-partite ;  lobes  f  in.  long,  lanceolate,  acute,  rather  patent.  Corolla 
urceolate,  glabrous  but  margin  minutely  ciliate,  deeply  4-lobed ;  lobes  rounded,  recurved  above. 
Stamens  8,  in  one  row,  inserted  at  base  of  corolla,  short,  equal,  2  opposite  each  lobe  of  the 
corolla,  pilose  ;  filaments  short  Ovary  hairy  (except  perhaps  at  middle),  8-ce'lled ;  style  hairy, 
4-lobed  and  glabrous  at  apex.  Fruit  ellipsoidal,  scarcely  ^  in.  long  by  |  in.  thick,  glandular- 
hispid.  Fruiting  calyx  much  enlarged,  |  in.  long,  loosely  enclosing  the  fruit  or  reflexed,  4-paii:ite; 
lobes  ovate-oblong,  foliaceous,  reddish  when  dry,  about  8-nerved  inconspicuously. 

Rarely  a  flower  is  pentamerous. 

S.  Africa,  Port  Natal,  Tugela.     Gerrard  and  M'Ken  !  no.  1608. 

Plate  II.  Flowering  and  fruiting  branches,  natural  size,  a.  Peduncle,  magnified  5  dia- 
meters,  b.  Hair  of  peduncle,  magnified  30  diameters,  c.  Flowering  calyx,  magnified  5  dia- 
meters, d.  Interior  of  corolla  with  stamens,  laid  open,  magnified  5  diameters,  e.  Stamen, 
magnifi/ed  16  diamsters.  /  Pistil,  mxignifiM  6  diameters,  g.  Transverae  section  of  ovary, 
magnifijed  5  diameters. 
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Excluded  and  Nominal  Species. 

Royena  laUfolia,  Willd.  Enum.  pi.  Berol.  Suppl.  p.  23  (1813).    Name  only.    Cfr.  R.  sem- 
lifolia. 

Royena  mediae  Hort.  ex  Steud.  Nomencl.  bot.  edit,  il  voL  ii.  p.  475  (1841).    Name  only. 
Cape  of  Good  Hope. 

Boyena  polyandra,  Linn.  fiL  SuppL  p.  240  (1781)  =  Eudea  polyaridra,  E.  Mey, 

Royena  (sp.)  n.  15,  EckL  and  Zeyh.  ex  Harv.  and  Sond.   Fl.  Cap.  i.  p.  71  (1859—60) 
^Aberia  tristis,  Sond. 

Royena  9140,  Drfeg.  ex  Alph.  DC.   Prodr.  viil.  p.  216.  n.   4  (1844)  =  jBwofea  coriacea 
Alph.  DC. 


U.    EUCLEA,  Linn.  Syst.  Nat.  edit.  xiu.  p.  747  (1774),  non  Lour. 

Flores  diced,  rarius  polygami,  4 — T-meri,  racemod  vel  panicvlati.  Calyx  non  accrescens. 
Corolla  campa/nulata  vel  urceolata,  lobis  in  prcefloratione  dnistroree  contortis, 

Flos  Masculus  :   Stamina  10 — 30,  scepius  geminata.     Ovarium  plerwmque  ahortivum. 

Flos  Femineus:  staminodia  0,  rarius  2 — 4?.  Ovarium  it-locvlare,  rarius  2-  vel  6'locidare; 
ovula  in  loculis  solitaria,  rarius  bina  in  ovariis  bilocularibus.  Fructus  parvus,  scepius  1- 
locularis  et  1-spermus, 

Frutices  vel  rarius  arbores  Africani,  foliis  altemis  vel  oppositis  vel  rarius  in  tribus  verti- 
cillatis,  cymis  axiUaribus. 

Alph.  DC.  Prodr.  vilL  p.  215.  n.  ii.  (1844). 
Padus  (sp.)  Burm.  Ear.  Afric.  pL  p.  238,  t  84.  £  1.  (1738). 
Royena  (sp.)  Linn.  fil.  SuppL  p.  240  (1781). 
Celastrus  (sp.)  Thunb.  Fl.  Cap.,  pars  post.,  p.  115  (1800). 
DipUmema  Q.  Don,  Diet  Qard.  and  Bot.  iv.  p.  42  (1837). 
Myrdne  (sp.)  Hochst.  in  PL  Schimp.  Abysa  exsicc.  sect  i.  n.  159  (1840). 
Rymia  EndL  gen.  pL  n.  4250  p.  743  (1835 — 40). 
•        KeUaua  Alph.  DC.  in  Ann.  Sc.  Nat  ser.  ii.  voL  xvi.  p.  96  (1841). 
Brachychdla  Harv.  in  Linnsea  zx.  p.  192  (1847). 
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Dioecious  or  occasionally  polygamous.  Calyx  campanulate  or  small  and  flattish,  4 — 7-lobed, 
usually  4 — 5-fid;  lobes  lanceolate  ovate  or  deltoid;  not  accrescent.  Corolla  campanulate  or 
hemispherical,  4 — 7-lobed,  4 — 5-fid  or  -partite  or  -lobed  only  near  the  apex. 

S  Stamens  10 — 30,  usually  12 — 20,  either  free  or  in  pairs  or  combined  at  base  of 
filaments,  in  one  or  two  rows,  inserted  at  base  of  interior  of  tube  of  corolla  or  hypo- 
gynous  or  partly  in  both  ways,  sometimes  inserted  on  an  hypogynous  ring;  anthers  hairy 
or  glabrous,  oblong  or  lanceolate,  2-celled,  dehiscing  laterally ;  filaments  shoii;,  usually 
slender  and  glabrous.     Styles  1 — 2.     Ovary  usually  abortive. 

$  Staminodes  usually  absent,  sometimes  2 — 4,  glabrous ;  anthers  0.  Styles  2  (or  1,  bifid), 
usually  glabrous,  rarely  3 ;  stigmas  emarginate  or  bifid  at  apex ;  ovary  ovoid  or  globular,  hairy 
or  glabrous,  usually  4-celled,  rarely  2-  or  6-celled;  ovules  4,  or  rarely  6  when  the  ovary  is 
6-celled,  pendulous.  Fruit  globular  or  rarely  ovoid-conical,  usually  1-celled  and  1-seeded ;  peri- 
carp fleshy.  The  fruit  is  edible  and  is  called  Quarry.  Seed  globular,  usually  marked  outside 
by  3  longitudinal  depressed  lines.  Albumen  cartilaginous,  usually  -with  a  normal  intrusion  of 
the  testa  at  the  micropyle,  distinctly  ruminated  in  a  few  species;  embryo  usually  some- 
what curved  with  its  concavity  towards  the  centre  of  the  seed,  tending  to  be  incumbent; 
radicle  superior,  about  as  long  as  the  foliaceous  cotyledons.  Flowers  in  axillary  racemes  or 
rarely  in  panicles  or  solitary. 

African  shrubs  or  trees  with  alternate  or  opposite  leaves,  or  rarely  verticillate  3  together. 
Leaves  quite  entire  except  E.  ovata  and  E,  coriacea  in  which  they  are  sometimes  minutely 
or  obscurely  crenulate;  usually  coriaceous,  often  obovate,  not  acuminate  except  in  E.  ovata, 
evergreen. 

The  name  is  derived  from  the  Greek  euKkeict,  glory,  in  consequence  of  the  beautiful 
evergreen  foliage. 
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EUCLEA.     Key  to  the  Species. 
Ovaiy  hairy.     Stamens  16—30. 

Corolla  4 — 7-lobed  only  at  apex. 

Leaves  elliptical  or  obovate,  flat  or  nearly  so,  not  or  very  rarely  cordate  at  base. 

Stamens  20 — 30.     ^J  racemes  J — l^in.  long.  1.    E.  polyandra. 

Stamens  18.      <J  racemes  short  2.     E,  tomentosa. 

Leaves  ovate,  subcordate,  wavy.    Stamens  16 — 17.  ^    3.    E.  coriacea. 

Leaves  linear  or  lanceolate,  flat,  not  cordate  at  base. 

Flowers  pentamerous  or  hexamerous.     Leaves  not  falcate. 

Leaves  oblong-lanceolate,  about  j^in.'  wide,  apiculate.    4.    E,  actiUfolia, 
Leaves  linear  or  linear-lanceolate,  about  -^ — J  in.  wide. 

Lower  leaves  obtuse,  not  apiculate.  Flowers  nearly  glabrous.  5.  E,  lancea. 


E,  pseudehenus. 
E.  Iineari9^ 


E,  lanceolata, 
E,  ovata. 

E.  divinorum, 
E,  multiflora. 

E.  frwctuoaa, 
E^  nataleTisis,. 


Leaves  apiculate.     Flowers  hairy.  6. 

Flowers  tetramerous  or  rarely  pentamerous.  Leaves  falcate*  7.. 
Corolla  4 — 5-fid  or  -partite. 
Fruiting  calyx-tube  receiving  the  base  of  the  fruit. 
S    Flowers  racemose,   3 — 9  together. 

Leaves  quite  entire,  obtuse  or  subacute.  8» 

Leaves  minutely  crenulate  or  acutely  apiculate.  9. 

Flowers  panicled  or  many  together. 

Leaves  glabrous,  subglaucous,  opposite.  10. 

Leaves  pubescent  or  not  glaucous,  alternate.  11. 

Fruiting  calyx-tube  consolidated  and  articulated  to  thickened  pedicel. 
Fruits  many  together.    Albumen  not  ruminated..  12. 

Fruits  3 — 4  together.    Albumen  ruminated.  13. 

Ovary  usually  glabrous  or  chiefly  so.     Stamens  10 — 18  usually  about  12. 

Leaves  flat  or  nearly  so.     Ovary  quite  glabrous  or  rarely  pubescent  all  over. 

Racemes  dense.   Leaves  usually  opposite  or  verticillate  3  together.   Ovary  2 — 6-celled. 
Leaves  obovate.     Ovary  2-celled.     Staminodes  0.  14.    E.  hilocuiaris. 

Leaves  obvate-oblong.  Ovary  2-,  4-,  6-celled.  Staminodes  0.  15.    E,  macrophylla. 
Leaves  oblanceolate-oblong.  Ovary  4-,  6-celled.  Staminodes  0-4.  16.  E.  daphnoides. 
Male  racemes  lax.     Leaves  subopposite  or  alternate.     Ovary  4-celled. 

Ovary  glabrous.     Staminodes  0.    Abyssinian.  17.    E.  KeUau. 

Ovary  pubescent  or  rarely  glabrous.  Staminodes  2 — 4.  S.African.  18.  E.racemosa. 
Leaves  wavy  or  very  small     Ovary  hairy  at  base,  glabrous  above.     19^    E.  undviata. 


1.    EucLEA  POLYANDRA,  K  Mey.  Cat.  PL  exsicc.  Afr.  Austr.  Dr^.  p.  7  (1837). 

E,  foliis  eUtpticis,  alternia  vel  suboppositis,  obiusis,  basi  Bvbcmgustatis  roUmdatia  vd  raris^ 
sime  cordatis,  breviter  petioUUia,  coriaceis,  plants;  cymis  racemosia;  florilms  5 — 7-men8,  dicscis, 
coroUd  apice  lobatd;  staminibus  20 — 30,  in  floribua  femineis  0;  ovario  hirsuto. 

Boyena  polyandra,  Linn.  fiL  Suppl.  p.  240  (1781),  non  Willd.  Hb.  n.  8366 ; 

Diplonema  elliptica,  G.  Don,  Gen.  Syst.  Gard.  and  Bot  iv.  p.  42  (1837); 

Bymia  polyandra,  EndL  Cat  hort.  Acad.  Vindob.  IL  p.  123,  n.  4583  (1843) ; 

E.  eUiptica,  Alph.  DC.  Prodr.  vm.  p.  216.  n.  1  (1844) ; 
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£.  Drlgeana,  Alph.  DC.  I  c.  n.  2 ; 

K  ferruginea,  Bemh.  in  Flora  xxvii.  ii.  p.  825  (1844) ; 

E.  pubescem,  Eckl.  et  Zeyh.  in  Linnaea  xx.  p.  192  (1847) ; 

JBrachycheila  pubescens,  Harv.  ex  Eckl.  et  Zeyh.  L  c. 

A  shrub  3 — ^7  feet  high,  pubescent  often  ferruginous  but  sometimes  glabrescent  at 
least  in  the  male  plant,  dioecious.  Branches  terete  or  subterete,  alternate  or  subopposite. 
Leaves  more  or  less  elliptical,  alternate  or  subopposite,  more  or  less  obtuse  at  apex,  some- 
what narrowed,  rounded,  or  even  in  rare  cases  cordate  at  base,  coriaceous,  quite  entire, 
flat,  shortly  petiolate,  1 — Sin.  long  by  ^ — IJin,  wide;  petioles  ^— Jin.  long. 

(J .  Cymes  racemose,  axillary,  pubescent,  3 — 9-flowered,  usually  drooping,  J — 1^  in.  long ; 
pedicels  -^ — ^  in.  long,  the  lower  ones  the  longer ;  bracts  lanceolate,  caducous.  Flowers  ^  in. 
long,  urceolate,  5 — ^7-merous,  pubescent  Caljrx  ^ — j^in.  long,  glabrous  inside;  lobes  lanceolate 
or  deltoid.  Corolla  urceolate,  lobed  only  near  apex.  Stamens  20 — 30,  more  or  less  united  at 
base  in  pairs  or  otherwise,  hairy.     Ovary  more  or  less  abortive,  with  two  slender  styles. 

9 .  Cymes  usually  3-  rarely  4 — 5-flowered,  axillary,  -^ — J  in.  long,  pubescent  or  tomen- 
tose,  usually  drooping  ;  pedicels  short ;  bracts  caducous.  Flowers  ^  in.  long,  ellipsoidal,  5 — 7- 
merous.  Calyx  shorter  than  the  corolla,  5 — 7-fid;  lobes  ovate  or  deltoid.  Corolla  shortly 
lobed  at  apex.  Staminodes  0.  Ovary  ovoid-conical,  hairy,  4-celled,  4-ovuled,  -j^  in.  long,  sur- 
mounted by  2  short  styles  glabrous  above  which  just  appear  at  the  mouth  of  the  corolla. 
Stigmas  emarginate.  Fruit  usually  solitary,  occasionally  2 — 3  together,  tomentose,  usually 
ferruginous,  globular  | — Jin.  in  diameter,  1-celled,  1-seeded.  Seed  globular;  albumen  some- 
what ruminated. 

The  shrub  is  called  Kersae-bosch  by  the  natives  in  South  Africa. 

Frequent  in  S.  and  SW.  districts  of  Cape  Colony  up  to  2000  ft  alt  MaasonI ;  Niven/  47, 
53;  B.  a  Alexander/;  BurcheU/  4807?,  4873?,  4998?,  6941;  EckUm!  727;  Krausa;  Zeyher/ 
3362,  3363,  3364;  Drhge/ 

2.    EucLEA  TOMENTOSA,  E.  Mey.  Cat  PL  exsicc.  Afr.  Austr.  Drfeg.  p.  7  (1837). 

E,  foliis  cUtemiSy  eUiptida,  bdsi  cuneatis,  apice  obtusivsculis  vel  obtuse  angvstatis,  tovien- 
tosisy  planis,  coricbceis,  breviter  petiolatis;  cymis  breviter  racemosis,  1 — S-floria;  floribaa  5 — 7- 
wem,  dicecia;  coroUd  apice  hbaid;  ataminibua  18,  in  floribua  femiTieia  0;  ovario  tomentoao, 
^loculari. 

AlpL  DC.  Prodr.  viii.  p.  216.  n.  3  (1844). 

E.  Krauaaiana  Bemh.  in  Flora  xxvii.  ii.  p.  824  (1844). 

A  shrub  about  4  feet  high  or  more  with  dark  brown  bark  and  branches  cinereo- 
tomentose  at  the  extremities.  Leaves  alternate,  elliptical,  in  most  cases  obtusely  pointed 
or  mucronate  at  apex  and  wedge-shaped  or  obtusely  narrowed  at  base,  coriaceous,  tomen- 
tose, shortly  petiolate,  1{ — If  in.  long  by  J — Jin.  wide;  petioles  ,^5 — i^  in.  long. 

^.  Cymes  racemose,  axillary,  few — 8-flowered,  much  shorter  than  the  leaves,  pedicels 
rather  louger  than  the  flowers,  crowded.    Stamens  18,  free  or  somewhat  connate  at  the  base. 
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9 .  Cymes  tomentose,  densely  racemose,  axillary,  1 — several-flowered,  pendulous,  shorter 
than  the  leaves ;  pedicels  -j^  in.  long.  Flowers  ^  in.  long,  5 — 7-merous,  when  solitary  with 
numerous  imbricated  caducous  bracts  on  the  short  peduncle.  Corolla  ^  in.  long,  shortly  lobed, 
villous  outside,  glabrous  inside,  urceolate  or  campanulate,  nearly  3  times  the  length  of  the 
calyx.  Staminodes  0.  Ovary  tomentose,  4-celIed,  4-ovuled.  Styles  2,  nearly  glabrous.  Fruit 
solitary,  on  peduncle  j\j — Jin.  long,  pubescent  erect  or  erect-patent.  Immature  fruit  ovoid, 
somewhat  conical  at  apex,  incano-tomentose,  4-celled,  | — Jin.  long  by  I — 1\^'  thick. 
Fruiting  calyx  5 — 7-fid,  very  tomentose,  shallow;  lobes  deltoid. 

Called  Kersboschjes  also  Faxhdls-bosch  by  the  natives  in  South  Africa. 

Occurs  in  Western  districts  of  Cape  Colony  up  to  2000  ft.  alt.  Masson/ ;  Drigel ; 
Krauss;  {i)Burchell/  987.    Namaqualand,    Whitehead/ 

3.    EucLEA  CORIACEA,  Alph.  DC.  Prodr.  viil.  p.  216.  n.  4  (1844). 

E,  foliis  avatis,  altemis,  plerumque  acutis,  apiculatta^  hasi  latis  et  svicordatis,  ettbgla- 
brescentibm,  breviter  petiolatis,  undatis ;  cymia  densis,  <$  1 — S-florie,  $  3 — 7'flori8;  Jhribtta 
5 — G-meris,  dicecis;  coroUd  apice  lobatd;  etaminibiLS  16 — 17;  fnictibuLS  globasis,  svbglahratia. 

EacUa  n.   9140,  E.  Mey.  Zwei  Pflanz.  Doc.  Drfeg.  in  Flora  xxvi.  ii.  p.  48(1843). 

Royma  n.  9140,  Dreg,  ex  Alph.  DC.  Ic.  (Hb.  DC!). 

A  dense  shrub  with  strong  dark-cinereous  branches.  Young  parts  and  inflorescence  slightly 
pubescent.  Leaves  alternate,  ovate,  more  or  less  acute,  apiculate,  wide  and  subcordate  at  base ; 
coriaceous,  pubescent,  nearly  glabrescent,  without  evident  veins  above,  veined  and  duller 
beneath,  1 — 2 in.  long  by  J — IJin.  wide;  margins  wavy,  sometimes  obscurely  crenulate; 
petioles  ranging  up  to  ^in.  long.    Bracts  ovate,  small,  caducous. 

i  Flowers  ^  in.  long,  axillary,  1 — 3  together,  crowded ;  pedicels  shorter  than  the  flowers. 
Calyx  5 — 6-fid ;  lobes  ovate,  acute.  Corolla  urceolate,  4  times  the  length  of  the  caljrx,  5- — 6- 
lobed  at  the  apex.  Stamens  16 — 17,  sometimes  in  pairs ;  anthers  linear  lanceolate,  silky  at  the 
back.     Ovary  rudimentary. 

$.  Flowers  3 — 7  together;  peduncles  very  short ;  pedicels  ranging  up  to  -^in.  long.  Calyx 
(in  fruit)  5 — 6-fid,  nearly  flat,  stellate,  ^in.  in  diameter;  lobes  ovate  or  lanceolate,  acute. 
Fruit  globose,  ^ — fin.  in  diameter,  subglabrate  or  minutely  puberulous,  1-celled,  1-seeded; 
seeds  subglobose,  about  ^in.  in  diameter,  marked  outside  with  depressed  curved  lines;  testa 
intruded  into  the  hard  ruminated  albumen. 

East-midland  districts  of  Cape  Colony,  S.  Africa.  Tafelberg,  Drlgel,  in  moist  and  rocky 
places,  6000 — 7000  ft.  alt.  (in  <J  flower,  December);  side  of  Mount  Oudeberg  near  Graaflf  Reinet, 
4500ft.  alt.,  November,  Bolus!  n.  638  (in  fruit). 

4.    EucLEA  ACUTIFOLIA,  E.  Mey.  Cat.  PL  Exsicc.  Afr.  Austr.  Dr^.  p.  7  (1837). 

E,  foliis  alternis,  oblongo-laruieolatis,  apiculatis,  coridceis,  glabris,  hasi  cu/neatis,  suhsessUi-  * 
btis;  cymis  femineis  dense  racemosis;  calyce  Q-hbato;  coroUd  apice  lobatd;  ovario  dense  pUoso; 
fructibus  dense  racemosis,  ghbosis,  glahrescentibus. 


Digitized  by 


Google 


Mk  HIERN,  on  EBENACEuE.  95 

Alph.  DC.  Prodr.  vm.  p.  217.  n.  5  (1844). 

Shrub  with  glabrous  leaves  and  branches.  Leaves  oblong-lanceolate,  apiculate,  thickly 
coriaceous,  alternate,  cuneate  at  base,  subsessile,  erect,  subglaucescent,  IJ — 2  J  in.  in  length  by 
about  J  in.  in  width. 

9 .  Fruit  densely  racemose  on  cymes  J  in.  long ;  pedicels  very  short,  3 — 7 ;  flowers 
J  in.  long,  cylindrico-urceolate,  pubescent,  pentamerous.  Calyx  short.  Corolla  lobed  at  apex. 
Ovary  densely  pilose;  styles  2,  erect,  glabrous;  stigmas  dilated.  Fruit  globose,  glabrescent, 
finely  netted,  dark,  | — J  in.  in  diameter.  Fruit-calyx  very  small,  with  6  or  more  lobes ;  seeds 
unequally  divided  by  three  depressed  lines ;  albumen  slightly  ruminated. 

South  Western  districts.  Cape  of  Good  Hope.  I  have  seen  this  plant  only  in  fruit.  The 
flower  is  unknown.  Between  Vierentwintig-rivier  and  Pikenierskloof  on  the  plain,  under 
500  feet,  January,  Dr^^re.';   Ecklon  and  Zeyher! 

5.    EUCLEA  LANCEA,  Thunb.!  Prodr.  PL  Capens.,  pars  posterior,  p.  85  (1800). 

E,  foliis  altemisy  lineari-lanceolatis  vel  oblanceolatis,  inoequalibus,  inferiorihus  apice  rotun- 
datis  superiorihus  acvtis,  svbsessilihuSy  ghbris;  cymis  ^-floris;  Jlorihus  subhermaphroditis  Q), 
6 — S-meris;  corolld  apice  lobatdy  svhglabrd;  staminibus  15;  ovario  hirsuto. 

Alph.  DC.  Prodr.  viii.  p.  219.  n,  16  (1844). 

A  glabrous  shrub,  erect,  3  ft.  or  more  high.  Branches  alternate,  terete,  erect-patent 
Leaves  alternate,  subsessile,  linear-lanceolate  or  -oblanceolate,  unequal,  the  lower  ones  rounded, 
the  upper  acute  at  the  apex,  attenuate  at  base,  coriaceous,  1 — 2  in.  long  by  about  J  in.  wide, 
entire,  inconspicuously  reticulato- venose.  Flowers  axillary,  "  in  3-flowered  cymes,"  very  nearly 
glabrous,  urceolate,  f  in.  long  by  ^  in.  wide  (imperfectly  hermaphrodite  ?).  Calyx  short,  ^^^  in. 
high  by  -^  in.  wide,  obscurely  5 — 6-lobed,  coriaceous.  Corolla  6 — 6-lobed  at  apex,  shortly 
ciliate,  imbricated  in  aestivation.  Stamens  15,  alternately  (?)  in  pairs  and  single;  the  pairs 
consisting  of  2  equal  or  unequal  anthers  placed  back  and  front  on^  a  common  filament  or 
combined  by  their  filaments,  alternating  with  the  corolla-lobes.  Anthers  pointed,  with  short 
patent  pale  setae  on  upper  half,  dehiscing  laterally;  filaments  dai'k  glabrous  slender,  shorter 
than  the  majority  of  the  anthers,  mostly  inserted  at  the  base  of  the  corolla.  Ovary  hairy, 
■j^  in.  wide  and  long,  ovoid-conical,  rudimentary  or  4-ce11ed  ?  and  -ovuled  ?  Styles  2,  glabrous, 
erect ;  stigmas  punctiform,  emarginate  at  apex. 

Cape  of  Good  Hope.     Tliunbergl 

Near  E.  pstydebenus,  E.  Meyer,  but  differs  by  its  obtuse  lower  leaves  and  nearly  glabrous 
corolla;   it  may  possibly  include  E,  pseudebenus  as  a  form  of  the  same  species. 

6.    EucLEA  PSEUDEBENUS,  E.  Mey.  Cat  PI.  Exsicc.  Afr.  Austr.  Drfeg.  p.  7  (1837). 

E.  foUis  altemis,  linearibua  vel  lineari'lanceolatis,  apiculatis,  glairis,  breviter  petiolatis; 
cymia  mascuUs  racemosis  3 — T-Jloris,  femmeis  parm  1 — ^jloris;  jhribus  dicecis,  plerurnqt^e 
h-meris;  corolld  pubescenUe^  apice  lobatd;  staminibus  16 — 22,  in  flore  femineo  0;  ovario 
pnbescente,  4i-loculari. 
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Alph.  DC.  Prodr.  vm.  p.  217.  n.  7  (1844). 
JE  rigida,  E.  Mey.  I  c,  Alph.  DC.  I  c.  n.  6. 

-E  angustifolia,  Benth.  Niger  Fl.  p.  441  (1849).  Leaves  and  branches  glabrous  or  pu- 
bescent. Leaves  linear  or  linear-lanceolate,  apiculate,  erect  or  patent,  alternate,  coriaceous 
very  shortly  petiolate,  crowded,  1 — 2 J  in.  in  length  by  -^ — \  in.  in  width ;  petioles  ^ — \  in.  in 
length. 

<J.*  Cymes  racemose,  hairy,  bearing  3 — 7  flowers,  erect  or  erect-patent,  ^ — f  in.  in 
length ;  pedicels  slender,  ^ — \  in.  in  length ;  flowers  ^ — |  in.  in  length,  puberuloas  or 
incano-pubescent,  usually  pentamerous,  rarely  hexamerous ;  calyx  with  deltoid  lobes  reaching 
half  way  down;  corolla  lobed  at  apex;  stamens  16 — 22,  with  a  few  bristles  on  the  lanceo- 
late anthers  or  glabrous ;  filaments  more  or  less  combined  at  the  base,  inserted  around  base 
of  rudimentary  ovary. 

2 .  Flowers  solitary  or  two  or  three  together,  or  in  small  cymes,  f  in.  in  length,  pen- 
tamerous ;  peduncles  ^ — |  in.  in  length,  not  drooping.  Stamens  0 ;  styles  2 ;  ovary  4-celled, 
pubescent;  fruit  1-celled,  1-seeded,  glabrescent,  globular,  ^  in.  in  diameter;  albumen  not  or 
scarcely  ruminated ;  fruit  edible,  fleshy,  sweet  and  slightly  astringent ;  seeds  marked  by  three 
depressed  lines. 

There  are  three  forms  of  this  species  according  as  the  plant  is  glabrous  with  linear 
leaves,  pubescent  with  linear  leaves,  or  glabrous  with  linear-lanceolate  glaucescent  leaves. 
The  two  latter  forms  belong  to  E,  angustifolia,^  Benth.  and  E.  rigida,  E.  Mey.  respectively. 

It  is  known  by  the  names  of  Orange  river  ebony,  black  ebony,  zwartebbenhout,  and 
sneezewood.  It  is  a  large  shrub,  6 — 8  ft.  High  or  a  tree,  the  heart-wood  of  which  is  extremely 
hard  and  black.  It  occurs  in  the  western  districts  of  South  Africa,  up  to  an  elevation  of 
4000  ft.,  and  reaches  the  tropics.  Dregel;  NivenI  n.  46.  Namaqualand,  Dr  Atherstone!  n.  2; 
Wyley!  S.W.  Tropical  Africa,  lat.  23^  Chapman  and  Baines!;  Gurror/ ;  Angola,  Distr. 
Mossamedes,  shrub,  6 — 8  feet  high,  flowers  white,  dioecious,  fruit  the  size  of  a  pea,  edible, 
glaucous-bluish  (as  in  Juniperus  communis),  called  by  the  natives  (as  also  EucUa  lanceolata) 
Emholo,  quite  frequent  in  thickets  and  woods  in  company  with  Tam^rix  and  Cordia  near 
the  rivers  Bero  and  Maiombo,  Dr  Welwitsch/  nos.  2543,  2544. 

Note.    This  species  may  prove  identical  with  E,  lancea,  Thunb. 

7.    EucLEA  LINEARIS,  Zeyher  in  Linnaea  XX.  p.  192  (1847,  sine  descriptione). 

E.  foliis  aitemis  svhoppositis  vel  oppositis,  linearibus,  acutiSj  falcatiSf  numerosis,  sessUibus, 
glabris;  cymis  racemosis,  3 — 7'Jlori8;  floribus  dioecis,  tetram^ris;  corolld  breviter  i^-fidd ; 
aiximinibus  16,  in  flore  femineo  0 ;   ovario  hirsuto. 

Plant  quite  glabrous  and  subglaucous,  dioecious,  2^ — 3ft.  high.  Branches  numerous,  at 
about  35®  with  stem.  Leaves  alternate  opposite  or  subopposite,  linear,  acute,  usually  some- 
what falcate,  sessile,  numerous,  1  to  2J  in.  in  length  by  -/^  in.  in  widtL  Cymes  racemose, 
bearing  3 — 7  flowers,  <J  J  to  i  in.  in  length  (excluding  flower),  usually  drooping ;  J  |  to  ^  in. 
in  length,  pedicels  not  exceeding  -^  in.  in  length,  less  on  the  i  plant,  opposite  or  alternate, 
falling  short  of  or  equalling  the  bracts;  bracts  at  base  of  pedicels,  caducous. 
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^.  Flower  ^  in.  in  length.  Calyx  small,  flattish,  4-fid.  with  wide  lobes.  Corolla  barrel- 
shaped,  4-lobed,  many  times  higher  than  calyx;  lobes  about  }  depth  of  corolla,  not  reflexed, 
semi-circular  and  imbricated  in  flower.  Stamens  16,  the  few  inner  ones  smaller,  glabrous  or 
nearly  so,  -^ — ^  in.  long ;  anthers  oblong,  2-celled,  dehiscing  laterally,  thick ;  filaments  very 
short,  thinner  than  anthers,  inserted  with  corolla.  Ovary  rudimentary,  slightly  hairy,  terminated 
by  1  or  2  styles. 

9 .  Bracts  linear,  rather  longer  than  pedicel ;  flower  about  ^  in.  in  length.  Calyx 
campanulate,  ^  in.  in  height,  4-lobed ;  lobes  not  quite  half  the  depth  of  the  calyx,  with 
intervening  sinuses  in  the  form  of  arcs  of  circles.  Corolla  openly  campanulate,  shortly  4-fid, 
with  spreading  not  reflexed  oval  or  ovate  lobes,  -^  in.  in  length ;  stamens  0.  Ovary  ellipsoidal, 
hairy,  termiiiated  by  2  thick  glabrous  styles,  -^  in.  in  height ;  styles  ^  in.  long,  erect,  con- 
tiguous, dilated,  and  emarginate  at  apex ;  ovary  4-celled,  4-ovuled,  two  of  the  septa  being  very 
slender,  namely,  those  opposite  the  styles. 
Rarely  a  flower  is  pentamerous. 

Western  districts  of  Cape  Colony,  South  Africa.  Zeyher/  1125,  Windhoek,  Olifant  River; 
Burke/  Great  Fish  River. 

8.    EucLEA  LANCEOLATA,  K  Mey.  Cat  PL  Exsicc.  Afr.  Austr.  Drfeg.  p.  7  (1837). 

E.  foliis  altemis  vel  oppositiaj  lanceolatis  ovatis  vel  angvsti  elUpticia,  apice  obtusis  vel 
mbaciUis,  plerumque  undulatis  et  basi  in  petiohim  brevem  aiigustcMsy  integerrimis ;  cymis  race- 
masisy  3 — d-foris ;  jhnbua  dioecis,  4-  raro  5-  meris;  calyce  campanuUxto ;  coroUd  4 — 5'fidd; 
staminibita  16 — 17,  in  fiore  femineo  0;  ovario  hirsutissimo. 

Alph.  DC.  Prodr.  VIIL  p.  218.  n.  12  (1844). 

E.  otArocarpaj  K  Mey.  Zwei  Pflanz.  Doc.  Drfeg.  p.  184 ;  in  Flora,  1843 ;  Alph.  DC.  I  e. 
p.  217.  n.  9. 

E.  desertorvm,  EckL  and  Zeyh.  in  Linnaea  xx.  p.  192  (1847). 

Pubescent  glabrous  or  glaucescent  shrub  or  tree,  ranging  up  to  20 — 25  feet  high  and 
trunk  up  to  10 — 16  inches  thick ;  dioecious;  branches  terete,  at  30® — 45®;  young  shoots  angular. 
Leaves  lanceolate  ovate  or  narrowly  elliptical,  alternate  or  opposite,  coriaceous,  obtuse  or 
subacute  at  apex  (very  rarely  acute),  more  or  less  undulatiog  at  the  entire  margins,  often 
narrowed  at  base  into  the  short  petiole,  1—3  in.  long  by  r^ — 1^  in.  wide ;  petioles  ^ — J  in. 
long.     Inflorescence  racemose,  often  with  leaf-like  bracts. 

£.  Racemes  \ — 1  in.  long,  3 — 9-flowered;  occasionally  two  racemes  proceed  from  the 
same  axil ;  pedicels  -^ — f^  in.  long.  Flowers  usually  tetramerous,  occasionally  pentamerous, 
■f^ — ^  in.  long.  Calyx  widely  campanulate,  small ;  lobes  deltoid,  about  half  the  length  of 
the  calyx.  Corolla  campanulate ;  lobes  ovate  or  oval,  about  half  the  length  of  the  corolla, 
somewhat  pubescent  outside.  Stamens  16 — 17  (very  rarely  8 — 10),  mostly  inserted  in  pairs 
at  base  of  corolla,  shorter  than  the  corolla ;  anthers  hispid  or  nearly  glabrous,  as  long  as  the 
slender  filaments.    Ovary  ruditnentaiy,  hirsute;  styles  2,  glabrous. 

2 .  Racemes  J  in.  long,  pubescent,  3 — 5-flowered ;  pedicels  ^  in.  long.  Flowers  tetra- 
merous or  pentamerous.  Calyx  and  corolla  as  in  the  male  plant.  Staminodes  0.  Ovary  sub- 
globose,  very  hirsute,  4-celled ;  styles  2,  glabrous,  as  high  as  the  corolla.  Fruit  globular,  J  in. 
Vol.  XII  Part  I.  13 
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in  diameter,  pubescent  or  glabrescent,  1-celled,  1-seeded.  Testa  intruded  some  distance  into 
the  albumen. 

A  very  variable  species,  and  in  some  cases  difficult  to  separate  from  E.  omta,  BurcL,  to 
which  possibly  it  ought  to  be  united ;  it  is  also  nearly  related  to  E.  divinorum.  It  is  called 
Omgwali  by  the  Kaffirs,  according  to  Dr  Pappe, 

South  Africa;  Cape  Colony,  Namaqualand,  Natal  and  Trans- Yaal;  common.  Masson/; 
BurchelU  4880,  4938,  5648;  Drige/;  EckUmI  1123,  Uitenhage,  Harvey  I  575,  690;  Zeyher/ 
3355,3357,  3359?;  Bothasberg,  in  stony  places  at  2000  ft.  alt.  Mac  Oman/  902;  Bruintjies 
Hoghte,  4000  ft.  alt  Mac  OwanI  1740;  Albany,  T.  WiUiamson/;  Caffiaria,  Bowker!  324; 
Namaqualand,  Drige/;  Natal,  Oerrard/  33,  528^  1155, 1156,  1605;  Macalisberg,  Trans-Vaal, 
Bu/rkef 

Dr  Wehvitsck  has  collected  the  following  forms  from  Benguela: 

a.     Leaves  glabrous  and  shining,  young  ones  lepidote;  branches  spreading. 

Benguela,  Distr.  Bumbo,  15°  South  Latitude,  2000  ft.  altitude ;  shrub,  8  ft.  high,  in  thickets ; 
in  male  flower  at  end  of  October ;  Dr  Wehvitsch  !  n.  2548.  Distr.  Mossamedes ;  much  branched 
shrub,  5 — 8  ft  high,  branches  occasionally  8  or  4  together;  ^  flowers  of  pale  rose-colour; 
frequent  in  rocky  places  near  the  river  Meriombo  in  company  with  Tamarix  articulata  and 
Ximenia  americ^ma,  from  Pedra  de  Rei  almost  to  Bumbo;  Dr  Welwitschf  n.  2547.  Distr. 
Huilla ;  shrub  4 — 6  ft  high,  with  rather  rigid  and  tortuous  ramification ;  9  flowers  fallen ; 
ovary  hairy;  at  margins  of  woods  between  Mumpulla  and  Nene,  at  end  of  October;  Dr 
WehnUchl  n.  2549.  Distr.  Benguela;  shrub  4 — 6  fL  high,  with  viigate  usually  opposite 
branches;  in  maritime  thickets  near  the  city  of  Benguela;  fruit  in  middle  of  June;  Dr 
Wehuitech/  n.  2545.  Distr.  Mossamedes;  shrub,  occasionally  arborescent,  7 — 12  ft  high,  ever- 
green; frequent  in  sandy  and  rocky  thickets  very  near  the  river  Bero;  July;  native  name 
Ifboto  or  Emboto;  fruit  edible,  berries  red;  Dr  Wehvitsch/  n.  2546. 

/9.    Leaves  and  shoots  pubescent    Branches  ascending. 

Benguela,  Distr.  Huilla;  small  shrub  1 — 1^  ft.  high;  flowers  white;  in  somewhat  stony 
thickets  near  MumpuUa^  not  unfrequent;  male  flower  in  October;  Dr  Wdwitsch!  n.  2550; 
Cfr.  E.  ovaia,  Burch.  Distr.  Huilla ;  small  shrub  1 — 1^  ft.  high,  subccespitose ;  frequent  in 
steep  pastures  on  right  bank  of  river  LopoUo  in  company  with  small  myrtaceous  plants ;  flowers 
in  November,  fruits  in  February;  Dr  Wekoitschl  nn.  2551,  2552. 

The  following  two  specimens  may  also  belong  to  this  variable  species: 

Distr.  HuiQa ;  a  small  shrub,  6 — 8  in.  high,  from  a  woody  base ;  fruit  dark  purple,  edible, 
^  in.  in  diameter ;  in  moist  sandy  thickets  on  the  right  bank  of  the  river  Lopollo  in  com- 
pany with  small  species  of  Eugenia  and  Celastrus;  fruit  in  January;  Dr  Wehmtschl  n.  2553. 
Arborescent  shrub ;  in  thickets  on  the  sides  of  large  rocks ;  Pedras  de  Guinga,  Angola  Distr. 
Pungo  Andongo;  March,  in  young  fruit;  Dr  WdwitscKI  n.  1247. 

9.    EuCLKA.  OVATA,  Burch.  Trav.  Int  S.  Afr.  I.  p.  387  (1822). 
E.  foliis  dlipticis  vd  a^mti  ovatiSf  oppositia  vel  aUemis,  plerumque  apiculatis,  hremter 
pelAoUxbiSy  rigidis,  margine  plania  et  minute  crenvlatia  vel  widtdatia  et  integerrimia ;  cymia 
racemoeia,  ^^^-fioria;  fioribua  auJhduBcia  vel  polygamia;  calyce  depreaach^mpanulato ;  coroUd 
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4 — 5-fidd;  staminibus  16  vel  20,  in  florSma  sub-hermaphroditis  ^cirdter  12;  ovario  hirsuto; 
frucbibus  globosisy  primim,  pvbescentilms,  demttm  gldbris. 

Alph.  DC.  Prodr.  viii.  p.  218.  n.  13  (1844). 

Celastrus  crispus,  Thunb.  Fl.  Cap.  edit.  ii.  toL  ii.  p.  115  (1820).  Cfr.  Sond.  in  Hanr. 
et  Sond.  Fl.  Cap.  i.  p.  461  (1859—60). 

E.  rufescens,  E.  Mey.  Cat.  PL  Exsica  Afr.  Austr.  Dr&g.  p.  7  (1837). 

Boyena  rufescens,  E  Mey.  Cat.  PL  Drfeg.  p.  154  (Flora,  1843). 

A  densely  leafy  shrub  pubescent  or  sometimes  glabrescent,  3 — 7  ft.  high  ;  branches  terete, 
at  50" — 60".  Leaves  opposite  or  alternate,  elliptical  or  narrowly  ovate,  usually  apiculate,  acute 
or  obtuse,  coriaceous,  shortly  petiolate,  minutely  crenulate  or  quite  entire,  flat  or  undulated, 
1 — 2  in.  long  by  J — 1  in.  wide ;  petioles  -^ — ^  in.  long.  Racemes  3 — ^7-flowered,  at  length 
drooping,  ^j — |  in.  long ;  pedicels  -^ — ^  in.  long ;  flowers  tetramerous  or  occasionally  penta- 
merous,  sub-dioecious  or  polygamous,  pubescent,  ^^j — J  in.  long.  Calyx  shortly  campanulate ; 
lobes  deltoid.  Corolla  campanulate,  4 — 5-fid.  Stamens  16  or  20,  in  subhermaphrodite  flowers 
about  12,  hairy;  filaments  slender,  glabrous.  Styles  2,  glabrous;  ovary  hirsute,  globose  or  ovoid, 
(2—)  4-ceUed. 

Fruit  globose,  black,  of  the  size  of  a  pea,  at  first  pubescent  but  at  length  glabrous. 

The  flavour  of  the  fruit  is  pleasant  with  a  little  astringency  and  perfectly  wholesome. 

The  variety  with  undulated  leaves  20  stamens  and  less  deeply  divided  corolla  (jE  rw- 
fsscens)  much  resembles  E.  coriacea^  Alph.  DC. 

Occurs  in  midland  districts  of  Cape  Colony  and  northwards  into  the  Kalihari  region 
of  South  Africa.  BurcheU/  1706,  2487—2,  2487—7,  2542,  2920,  3058—1,  3058—2,  3102; 
Drege! 

10.      EUCLEA  DIVINORUM,  sp.  nOV. 

E,  foliis  dlipticis,  opposiids,  a  medio  utrinqus  angustatis,  obtusis,  breviter  petiolatis,  svprd 
glaucescentibuSy  undviatis;  cymis  maacuMs  tonferUHrcxemosia  vd-panicuUxUs ;  floribua  4 — 5-mem, 
diodcia;  coroUd  profwnde  4 — 5-lobd;  ataminibua  16. 

Shrub,  [nearly  glabrous  and  somewhat  glaucous,  with  opposite  or  subopposite  leaves  and 
branches;  branches  terete,  making  30® — 40*  with  the  stem.  Leaves  elliptical,  narrowed  more 
or  less  from  the  middle  towards  both  ends  especially  towards  the  base  into  the  short  petiole; 
obtuse,  coriaceous,  glaucescent  above,  reddish  and  somewhat  farinaceous  beneath;  margins 
undulated;  veins  inconspicuous;  IJ — 21  in.  long  by  J — |in.  wide;  petioles  about  ^in.  long. 
Bracts  small,  shorter  than  the  pedicels,  caducous. 

Male  flowers  in  crowded  racemes  or  panicles,  about  10  or  more  together,  globular  in 
bud,  hemispherical  when  expanded,  tetramerous  .or  pentamerous.  Cymes  not  exceeding  ^^  in. 
long  by  Jin.  broad,  usually  erect;  pedicels  about  ^in.  long,  spreading.  Calyx  ^^in.  high, 
4— .5-fid;  lobes  small  or  depresso-deltoid.  Corolla  deeply  4— 5-lobed,  with  a  few  whitish 
appressed  hairs  outside  especially  along  the  middle  of  the  lobes,  nearly  glabrous  inside ;  lobes 
rounded.  Stamens  16,  not  in  pairs,  ^in.  long,  as  high  as  the  expanded  corolla;  anthers 
oblong,  hairy ;  filaments  shorter,  glabrous.  Ovary  rudimentary,  consisting  of  an  ovoid  bunch 
of  hairs.  .  t 
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Female  plant  unknown.    Called  by  the  natives  in  Batoka  country  MaUakTila,  Mosakola, 
where  it  is  the  medicine  of  the  diviners  being  rubbed  in  the  hands. 

South  Tropical  Afidca,  Victoria  Falls,  Dr  Kirk  I ;  Delagoa  Bay,  Forbes  1 


11.      EUCLEA  MXJLTIFLORA,    sp.  nov.       PLATE  III. 

E,  foliis  eJMpticis  vel  oblongis,  apice  rotundatia  vel  obtuais,  boat  subanffustatia,  altemia 
vel  raro  avhoppoaitia ;  cymia  prceaertim  masculia  pa/nioulatia,  mvUifloria;  fiortbua  polygamia, 
5-  raro  6-meria;  calyce  campaniUato ;  corolla  profu/nde  lobatd;  ataminHma  numero  coroUce 
hborvm  quadrupUa,  in  flora  femineo  0 ;  ovario  hirauto. 

Pubescent  subglabrous  or  even  subglaucous  shrub,  usually  subferruginous,  polygamous 
but  usually  dioecious,  sometimes  hermaphrodite,  2 — 10  ft.  high.  Branches  usually  angular  near 
the  extremities.  Leaves  elliptical  or  oblong,  usually  rounded  or  obtuse  at  apex  and  somewhat 
narrowed  at  base  into  the  petiole,  coriaceous,  alternate  or  rarely  sub-opposite,  often  dark  and 
shining  on  the  upper  surface;  veins  usually  not  conspicuous;  margins  undulated  or  plane; 
1 — 4 in.  in  length  by  -^ — lin.  in  width;  petiole  -^ — Jin.  in  length.  Flowers  especially  the 
male  ones  paniculate,  sometimes  as  many  as  30  in  one  panicle,  variable  in  size,  tetramerous 
or  pentamerous  or  rarely  hexamerous.  Calyx  campanulate,  hairy,  with  ovate  or  deltoid  lobes 
extending  about  half  way  down  the  calyx.  Corolla  about  twice  as  long  as  the  calyx,  dark, 
deeply  lobed;  lobes  oval  usually  with  a  hairy  keel  outside.  Stamens  4  times  as  numerous 
as  the  lobes  of  the  corolla  in  the  male  or  hermaphrodite  plants,  none  in  the  female  plant, 
subglabrous  or  somewhat  hairy,  in  pairs  inserted  at  bafie  of  corolla  or  around  base  of  ovary, 
outer  ones  longer,  enclosed  in  corolla ;  filaments  glabrous.  Ovary  in  male  flowers  often  abor- 
tive, in  female  or  hermaphrodite  flowers  globular,  hairy,  4-celled,  cells  1-ovuled;  styles  2, 
glabrous  or  nearly  so,  included  within  the  corolla. 

A  variable  and  widely  distributed  plant.  Flowers  in  August  and  fruits''  from  September 
to  October.  Fruit  at  first  pubescent,  in  most  cases  ferruginously  so,  subsequently  black  and 
glabrous,  globular,  ^in.  in  diameter,  1-celled,  1-seeded.  Embryo  curved  and  tending  to  be 
incumbent. 

Cape  of  Good  Hope,  Natal  and  Angola. 

WaUich/;  iBergiuat;  Zeyherl  767,  778,  3361;  Grahamstown,  Mac  Ovxm! ;  BwrchM; 
S510,  3672,  3980  (seeds  consumed  by  a  species  of  ApUm),  4835;  Albany,  Miaa  Bowkerl ; 
Eastern  districts,  HubtonI ;  British  Kaflraria,  Cooper  I  44;  Ganwilliam,  Zeyherl ;  Natal, 
Oueimriua/,  Cooper/  1253,  Oerrard/  92,  699. 

Benguela,  Distr.  Huilla^  Dr  Wehntack!  n.  2557,  arborescent  shrub  5 — 8,  sometimes 
10  ft.  high,  forming  a  dense  dark  green  head,  young  fruit  1-  rarely  2-seeded,  hirsute-tomen- 
tose,  in  thickets,  Matus  de  Monino,  February.  Do.  Dr  Welmtach  !  n.  2555,  bush  4 — 8  ft.  high, 
in  high  thickets  near  T&u,  in  bud.  May.  Do.  Dr  Welmtach  I  n.  1258,  handsome  shrub  5 — 8 
feet  high,  in  thickets  at  the  skirts  of  woods  near  Lopollo,  leaves  frequently  attacked  by  a 
fungus  {Sphasria).  Angola,  distr.  Pungo  Andongo,  Dr  Welmtach!  n.  1257,  bush  6 — 7  feet 
high  with  erect  trunk  2 — ^2^  in.  in  diameter  and  spreading  branches  towards  the  top,  branches 
and  fruit  tomentose,  at  first  whitish,  soon  becoming  rufous,  leaves  dark  green  with  a  high 
polishi  in  stony  woods  at  Barrancos  de  Catele,  young  fruit  in  December. 
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Plate  III.  Fig.  1.  Flowering  branch,  natural  size.  a.  Flower  unexpanded,  magnified 
5  diameters,  b.  Flower  expanded,  rn/ognified  6  diameters,  c.  Interior  of  corolla  with  stamens, 
laid  open,  magnified  6  diameters,    d  Pistil,  magnified  5  diameters. 

Fig.  2.  Flowering  branch  of  another  form  of  the  same  species,  natural  size,  e»  Flower 
unexpanded,  magnifiM  5  diameters.    /.    Flower  expanded,  magrUfied  6  diameters. 

12.     EUCLEA  FRUCTUOSA,  sp.  nov. 

K  foliis  obovatcHjhlongis,  basi  in  petiolvm  cuneatis,  aUemis  vel  svloppositis ;.  cymis  femineis 
racemosis  vel  pamculatis,  3 — 20'floris;  calyce  4 — 5-to5o,  tvho  in.fruotufarcto,  hhis  deUotdeis 
parvis;  caroUd  4> — 5-fidd(^),  interdvm  ad  fructus  apicem  marcescente;  fructibus  numerosis, 
Julv(hpubesceniibu>8. 

Varying  in  size  from  a  small  to  an  arborescent  shrubs  with  softly  pubescent  fulvous 
and  terete  branches  spreading  at  35® — 40*  with  the  stem.  Leaves  obovate-oblong,  cuneate  at 
base  into  the  petiole,  coriaceous,  quickly  glabrescent  and  nitescent,  alternate  or  subopposite; 
margins  reflexed,  net-veins  numerous  and  delicate ;  1  J,— 4J  in.  in  length,  by  | — 1 J  in.  in  width ; 
petioles  -^^j — Jin.  in  length,  pubescent. 

$  Racemes  or  panicles  -^ — 1  in.  in  length,  bearing  from  3 — 20  flowers  and  nearly  as 
many  fruits,  pubescent;  pedicels  short  not  exceeding  -j^in.  in  length,  dilated  upwards  in 
fruit  to  articulation  with  calyx.  Fruit  pale  or  darker,  fulvo-pubescent,  about  |  in.  in  diameter, 
l-<5elled,  1  seeded ;  embryo  somewhat  curved  and  tending  to  be  incumbent ;  albumen  not 
ruminated.  Calyx  5-lobed;  lobes  deltoid,  acute,  small;,  tube  consolidated  in  fruit  and  bearing, 
fruit  at  its  apex.    Corolla  4 — 5-fid  (?) ;  sometimes  marcescent ;  lobes  ovate. 

Known  only  in  fruit.  Grows  in  dry  places,  &c.  East  Tropical  Africa.  Zambesia,  Luame 
river  mouth,  8  Feb.  1861,  Dr  Kirk!;  between  Tette  and  the  sea  coast,.  16  March,  1860, 
Dr  Kirk!;  Zanguebar,  Dar  Salam,  October  to  December,  1868,  Dr  Kirk! 

13.  EuCLEA  NATALENSis,  Alph.  DC.  Prodr.  vni.  p.  218,  n.  10  (1844). 
E.  foliis  altemis,  angus&  ellipticis,  basi  cwneaMs,  petiolatis,  imdvlatisy  glabrescent^ms ; 
cymis  femineis  racemosis,  8 — lO-Jhris;  caiyce  frucHfero  4 — S-fido,  tubo  farcto,  lobis  deUoideis; 
fructibus  subglabris. 

E.  macrophyUa^  E  Mey.  d,  non  a,  b,  Zwei  Pflanz.  Doc.  Drfeg.  p.  184  in  Flora  1843. 
Royena  macrophyUa,  E.  Meyer,  d !  in  Hb.  DC.     (Prodr.  I,  c.) 

Young  parts  pubescent.  Leaves  alternate,  erect,  narrowly  elliptical .  and  cuneate  at  base 
into  petiole,  coriaceous,  glabrescent,  2 — 4 in.  in  length  by  ^ — |in«  in  width;  margins  undu* 
lated;  petioles  -^ — Jin.  in  length. 

$  Racemes  solitary  about  J  in.  in  length,  bearing  8 — 10  flowers  and  about  4  fruits.  Pedi- 
cels very  short,  dilated  upwards  in  fruit  to  articulation  with  caJyx.  Calyx  4 — 5-fid,  glabrescent ; 
lobes  deltoid,  acute ;  tube  consolidated  in  fruit,  with  small  spreading  limb,  aad  bearing  fruit 
at  its  apex.  Berry  dark,  sub-glabrous,  globular  I — }  in.  in  diameter,  1-celled,  1-seeded ;  seed 
globose,  black,  marked  outside  with  3  longitudinal  lines,  albumen  somewhat  ruminated. 

Port  Natal    Drige!;  Peddie! 
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14.     EUCLEA    BILOCULAEIS,  sp.  nov. 

E,  foliis  aUemis  opposiUs  et  in  tribm  verticiUatis,  obovaUs,  apice  rotimdatis,  basi  cuneatds, 
breviter  petiolaiis ;  cymis  femineia  racemosis,  syb-d-Jloris  ;  pedicellia  brevissimia;  JlorOms  tetra- 
meris;  calyce  i^-deniato ;  corolld  breviter  4M)d ;  staminodm  0 ;  ovario  bUoculariy  glabra,  locuiia 
btowiatis. 

Glabrous.  Branches  at  50',  sometimes  whorled  3  together.  Leaves  obovate,  cuneate  at 
base,  rounded  at  apex,  somewhat  undulating,  coriaceous,  alternate  opposite  and  in  whorls  of 
3;  veins  inconspicuous,  in  relief  on  both  sides,  dark  green  above,  ruddier  beneath;  2 — 3  in. 
long  by  f  ^1|  in.  wide,  shortly  petiolate ;  petioles  about  -^  in.  long. 

Bacemes  of  9  flowers  (in  bud)  short,  about  ^  in.  long,  bearing  about  9  very  short 
pedicels.  Flower-buds  -^  in.  long,  tetramerous,  with  short  cup-shaped  4-toothed  calyx  and 
corolla  shortly  4-lobed.     Staminodes  0.    Ovary  2-celled,  with  2  ovules  in  each  cell,  glabrous. 

East  tropical  A&ica,  Zanzibar,  Dr  Kirk ! 

A  male  plant  from  Madagascar  collected  by  Bojerl  may  belong  to  this  species;  it  has 
16 — 18  stamens. 

15.    E.  MACROPHTLLA,  E.  Mey,  Cat.  PL  Exsicc.  Afr.  Austr.  Drfeg.  p.  7  (1837). 

E.  foliis  in  tribua  verticiU<iHs  vd  oppoaiUs,  obovato-oblongis,  breviter  petiolatiSf  subcoriaceis ; 
cymis  femineis  8 — IS-Jloris,  Jhribus  tetrameris,  calyce  it-JidOy  corolld  4ffidd,  staminodiis  0,  ovario 
4-  vel  raro  Q-hcuiari,  glabro. 

Alph.  DC.  Prodr.  vm.  p.  218.  n.  11  (1844). 

Glabrous.  Stem  nodose;  branches  at  60®,  often  verticillate  three  together,  straight. 
Leaves  obovate-oblong,  rounded  at  apex,  cuneate  at  base,  shortly  petiolate,  sub-coriaceous, 
opposite  or  subverticillate  three  together;  margins  reflexed,  plane  or  wavy;  veins  delicate; 
2 — 4  in.  in  length  by  \ — 1 J  in.  in  width ;  petiole  -^  to  J  in,  in  length. 

9 .  Flowers  in  cymes  which  measure  \ — 1  in.  in  length  and  bear  8 — 15  flowers ;  pedicels 
^  to  J  in.  in  length ;  flowers  tetramerous.  Calyx  4-fid,  shortly  cup-shaped,  with  deltoid-pointed 
lobes.  CoroUa  campanulate,  4-fid ;  lobes  obtuse  or  mucronate.  Stamens  0  or  represented  by 
a  few  hairs  at  circumference  of  disk.  Ovary  glabrous,  4-  or  rarely  6-celled,  with  one  ovule 
in  each  cell ;  at  the  upper  part  the  ovary  is  frequently  2-celled,  according  to  Dr  Atherstone, 
in  consequence  of  two  of  the  dissepiments  being  false;  styles  2. 

South  Eastern  districts.  Cape  of  Good  Hope.  Enon  in  woods  under  500  feet  high,  March, 
XJitenhage,  Drhge  /  in  2  flower ;  Grahamstown,  Dr  Atherstone !  461. 

16.    EucLEA  DAPHNomES,  sp.  nov. 

E.  foliis  altemis  oppositis  vel  in  tribus  verticiUatis,  oblanceolato-oblongis,  subsessibibus ; 
cymis  racemosis;  floris  4 — S-meris ;  calyce  4 — b-fido;  corolld  profunde  4 — S-lobd;  staminxbus 
cirdter  12,  uniseriaMbus,  in  fhre  femineo  0  vel  4  effcetis;  atylis  2 — 3;  ovario  glabro,  4-  vel 
6-rfocwfan. 
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Glabrous  shrub,  2 — 4  feet  high  or  more,  or  even  a  low  tree.  Stem  shining  and  turning 
pale  yellowish ;  branches  at  40* — 50*  with  stem,  alternate  opposite  or  subverticillate.  Leaves 
alternate  opposite  or  3  in  a  whorl,  varnished  on  surface,  crowded,  oblanceolate-oblong,  thickly 
coriaceous,  flat  or  wavy,  subsessile  with  thick  articulation,  IJ — 3  in.  in  length  by  ^  to  J  in. 
in  width.  Cymes  racemose,  much  shorter  than  the  leaves;  pedicels  ^  in.  long;  bracts  small 
and  slender. 

($•  Flowers  tetramerous,  nearly  glabrous,  small.  Calyx  4-fid.  Corolla  deeply  4-lobed. 
Stamens  about  12,  in  one  row.    Ovary  rudimentary. 

9 .  Flowers  11 — 21  in  cyme,  -^  in.  in  length  by  ^  in.  in  width,  ovoid,  glabrous.  Calyx 
1^  in.  in  height  by  -^  in.  in  width,  4 — 5-fii  Corolla  openly  campanulate,  with  nearly  erect 
lobes,  ^  in.  in  height  by  ^  in.  in  width,  4 — 5-lobed.  Staminodes  0  or  4,  inserted  at  base 
of  interior  of  corolla  or  around  base  of  ovary,  glabrous,  without  anthers.  Styles  2 — 3,  ^  in. 
in  length,  somewhat  concave  as  seen  from  inside;  stigmas  bilobed  at  apex,  projecting  beyond 
the  corolla ;  ovary  glabrous,  ovoid,  ^^  in.  in  length  and  width,  4 — 6-celled ;  ovides  pendulous, 
solitary  in  the  cells.  Fruit  globular,  J  in.  in  diameter,  dark,  glabrous,  1-seeded,  l-ceUed ;  seed 
marked  outside  by  3  depressed  longitudinal  lines;  fruiting  calyx  small;  albumen  not  ruminated 
but  testa  introverted  at  apex ;  embryo  slightly  curved. 

Nearly  related  to  E,  racemosa  L.  from  which  it  differs  by  its  oblanceolate-oblong  and 
longer  leaves  and  its  longer  and  more  numerously  flowered  racemes,  by  its  ovary  being 
sometimes  6-celled,  and  by  its  12  stamens  being  in  one  row  in  the  only  ^  specimen  examined. 

South  Africa.  South-western  districts  of  Cape  Colony  and  Natal.  In  a  walk  by  the 
Baaken's  river  under  Fort  Frederick,  Algoa  Bay,  14  Dec.  1813,  BurcheU!  4356,  in  $  flower; 
on  the  rocky  side  of  the  mountain,  also  on  the  western  bank  of  Wagenbooms  river  on 
the  north  side  of  Lange  Eioof,  11  March  1814,  Burchdl!  4909,  in  $  flower;  Cape  of  Good 
Hope,  Eddon  and  Zeyher!;  Natal,  W.  T.  GerrardI  1506,  1606,  in  £  flower-bud. 

17.    EuCLEA  Eellau,  Hochst.  in  pL  Schimp.  Abyss,  exsicc.  sect  il  n.  1078  (1842). 

E.  foKis  suioppostiis,  abavaUs  vd  oblanceolatis,  apice  rotundatis,  bast  cuneatU,  breviter 
petiolatis;  cymia  racemosis;  fioribm  dioms^  4 — 5-mem;  coroUd  4 — B-fidd;  staminUms  12, 
in  flore  femineo  0;  stylia  2;  ovario  ghhro^  4flocular%. 

Hochst  Nov.  Gen.  pL  Afr.  in  Flora  1843,  p.  83 ;  Alph.  DC.  Prodr.  vill.  p.  672  (1844) ; 
Rich.  FL  Abyss,  ii  p.  24.  t  66  (1847). 

Myrsine  Kellau,  Hochst  in  pL  Schimp.  Abyss*  exsicc.  sect  i.  n.  159  (1840). 

KeUaua  8ch%mperi,  Alph.  DC.  in  Ann.  Sc*  nat  ser.  ii.  voL  XVIIL  p.  209  (1842),  Prodr. 
vin.  p.  290  (1844). 

Shrub  or  small  tree,  glabrous,  dioecious ;  branches  at  38* — 45®  with  stem,  subopposite,  straight. 
Leaves  obovate  or  oblanceolate,  shortly  petiolate,  sub-coriaceous,  rounded  at  apex,  wedge-shaped 
at  base,  subopposite,  shining  and  of  a  rich  brown  colour  on  upper  face,  paler  beneath;  veins 
delicate,  flat  or  wavy  at  margins,  spreading;  1 — 2 in.  in  length  by  ^ — lin.  in  width;  petiole 
-^ — I  in.  in  length.  Flowers  racemose  with  lanceolate  bracts  at  base  of  pedicels,  tetramerous 
or  pentameroua 
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i  Racemes  | — lin.  in  length,  bearing  9 — 13  flowers,  spreading,  dark;  pedicels  slender 
^j — J. in.  in  length,  the  lower  ones  the  longer,  alternate  or  opposite,  patent;  flowers  ^ — Jin. 
in  length.  Calyx  short,  4-fid,  with  apiculate  deltoid  erect  lobes.  Corolla  campannlata, 
4-lobed;  lobes  J — J  depth  of  corolla,  erect,  oval.  Stamens  12,  free,  8  in  one  row  and  4 
interior  and  inserted  lower  at  base  of  interior  of  corolla,  included;  anthers  erect,  with  a 
few  hairs  at  top  or  glabrous,  2-celled,  dehiscing  laterally  from  apex.  Ovary  rudimentary; 
styles  1 — 2. 

9  Racemes  | — ^in.  in  length,  bearing  usually  11  flowers,  dark;  glabrous  or  glandular; 
pedicels  -^ — ^  in.  in  length,  patent,  sub-opposite ;  flower  ^  in.  in  length,  campanulate. 
Calyx  ^  in.  in  height  with  4  or  6  deeply  divided  erect  deltoid  acuminate  lobes,  persistent 
Corolla  campanulate,  twice  the  height  of  the  calyx,  with  4 — 5  lobes  divided  more  than  half 
the  depth  of  the  corolla.  Stamens  0.  Ovary  ^in.  in  height  by  ^in.  in  thickness,  conical, 
glabrous,  4-celled,  cells  1-ovuled ;  styles  2.  Fruit  globose,  J  in.  in  diameter,  glabrous,  1-celled, 
1-seeded;  seed  filling  the  cavity  of  the  fruit,  marked  externally  by  3  longitudinal  lines; 
albumen  homy,  not  ruminated  but  with  introversion  of  testa  at  apex ;  embryo  slightly 
curved,  tending  to  be  incumbent. 

Abyssinian  name  of  the  firdt ;  K^llau. 

Abyssinia.    Schimper!  L  n.   159,  among  hills,  valleys  and  low  places  near  Adoa.     In 

fruit,  1  June  1837. 

„  „         ii.  1078.    On  mount  Sina,  near  Adoa.    In  9  flower,  13  November 

1838. 

„  „         il  1627,  iii.  1919.    Near  Axus.    In  <J  flower. 

913.    Agrima,  6000ft.  alt.;  Legua,  5000ft.  alt.    1852. 

80.  „        5500— 6600  ft.  alt.  October  1862. 

„  QiuirtinrDiUcn  and  Petit. !    Scholoda. 


18.    EucLEA  RACEMOSA,  Linn.  Syst  veg.  edit.  xiiL  p.  747.  Cur.  Murray  (1774). 

E.  fdiia  aitemia  vel  oppositis,  ohovatis  vd  oblongo-obovaMSf  apice  rotimdatis,  baai  ctmeatis, 
hreviter  petiolatis ;  cymia  rtzcemosis ;  floribua  diceois,  4-  raro  6 — Q-meris;  coroUd  profunde 
lobatd;  stammibus  12 — 18,  in  flore  femmeo  2 — 4  effcsbia;  atylia  2;  ovario  toto  pubeacenti  vel 
glabra,  i-hcuhri. 

Jacq.  Fragm.  t  1,  f.  5,  t.  63,  f.  3  (1800—9);  Alph.  DC.  Prodr.  vin.  p.  219.  n.  15  (1844). 

Padua  foliia  avirotundia,  fructu  racemoao^  Burm.  Afr.  p.  238,  t.  84,  f.  1  (1739). 

Glabrous  shrub  2J  to  6  feet  high,  or  small  tree  18  feet  high.  Branches  making  30^ 
with  stem,  purplish.  Leaves  obovate  or  oblong-obovate,  coriaceous,  alternate,  subopposite,  or 
opposite,  marked  with  obscure  transverse  veins,  green  on  the  upper  surface,  pale  beneath, 
margins  somewhat  reflexed,  wavy  or  nearly  flat,  subsessile  or  shortly  petiolate,  rounded  at 
apex,  cuneate  at  base,  J— 2iin.  in  length  by  i— IJin.  in  width;  petioles  ^ — ^in.  in  length. 
Bracts  narrow,  at  base  of  pedicels,  solitary,  linear-lanceolate. 


Digitized  by 


Google 


Mr  HIERN,  on  EBENACILE.  105 

i  Racemes  ^ — l^in.  in  length,  shorter  than  the  leaves  from  the  axils  of  which  they 
spring,  drooping;  pedicels  -^ — Jin.  in  length,  5 — 13  in  cyme,  articulated  at  apex;  flowers 
^ — fin.  in  length,  campanulate,  4-  or  rarely  6 — 6-merous,  glabrous.  Calyx  short,  lobes  del- 
toid, about  half  length  of  calyx.  Corolla  campanulate,  open,  deeply  lobed,  much  raised 
above  the  calyx;  lobes  oval,  obtuse  or  acutish,  spreading  or  erect  but  not  reflexed,  of  a 
dirty  white  colour.  Stamens  12 — 18,  in  two  rows,  inserted  at  base  of  interior  of  corolla  or 
on  an  hypogynous  ring ;  the  inner  ones  smaller  and  often  connate  at  the  base  with  outer  ones ; 
anthers  lanceolate,  thick,  2-celled,  with  a  few  hairs  or  glabrous,  included  or  exserted,  erect, 
dehiscing  laterally  and  widely  from  apex,  -^ — ^^  in.  in  length ;  pollen  white ;  filaments  slender, 
^g — ^  in.  in  length,  often  united  in  pairs  at  base,  glabrous.  Ovary  rudimentary,  hairy 
or  glabrous;  styles  2,  distinct,  erect,  terete,  white. 

5 .  Racemose  cymes  ^ — 1 J  in.  in  length,  usually  shorter  than  the  leaves  but  sometimes 
longer,  drooping  in  fruit ;  pedicels  about  ^  in.  length,  9 — 13  in  cyme.  Flowers  ovoid,  rather 
smaller  than  the  <J  flowers,  tetramerous  or  rarely  pentamerous.  Calyx  hemispherical;  lobes 
ovate,  acute,  about  half  depth  of  calyx.  Corolla  ovoid,  deeply  lobed;  lobes  not  reflexed. 
Staminodes  2 — 4,  glabrous.  Ovary  hairy  or  glabrous,  4-celled,  cells  1-ovuled ;  styles  2 ;  fruit 
globular,  glabrescent  or  glabrous,  black,  1-celled,  1-seeded,  |in.  in  diameter. 

Bark  grey,  smooth.  Wood  hard,  heavy,  employed  by  wheelrights  and  turners ;  answers  very 
well  for  wooden  screws,  but  is  chiefly  used  as  fuel  {Dr  Pappe,  Silva  Capensis,  p.  21  (1854)}. 

The  variety  Burchellii  with  glabrous  ovary  may  be  a  distinct  species.  It  is  a  tree 
18  feet  high  with  erect  trunk  and  ascending  branches  and  oblong-obovate  leaves;  bark 
entire,  turning  white;  ovary  globose;  styles  2,  short;  staminodes  2—4,  inserted  on  corolla 
or  around  base  of  ovary. 

Cape  of  Good  Hope,  southern  and  western  districts.  Drege! ;  Talbot! ;  Reeves! ;  Wright! ; 
Binvinf ;  Bowie!;  Alexander-Prior! ;  Oldenburg! ;  Ndson!;  Hove!;  Zeyher!  3356;  Harvey! 
574;  BurcheU!  397,  807,  3219  (var»  BurcheUit),  3806,  8295;  HondekKp  Bay,  Clanwilliam, 
Bev,  K   Whitehead! 


19.    EucLKA  UNDULATA,  Thunb.  Nova  Genera  Plantarum  (v.)  p.  86  (1784).     , 

E.  foUis  altemis  vel  oppositis,  obovatis  {vel  in  var.  obkmceolatis),  apice  obtusis,  basi  ctmeat^^^ 
fyreviter  petiolatisy  undatis  [in  var.  parvis  et  svbplanis) ;  cymis  racemosis,  3 — S-Jloris;  Jhnbus 
dioecis,  tetrameris ;    staminibus  10 — 15,  plerwnque  geminatis,  in  jUyre  femineo  0 ;    etylis  2 ; 
ovario  basi  avipubescente,  2-  vel  i-loctdari,  4^ovulato. 

Alph.  DC.  Prodr.  vin.  p.  219.  n.  14  (1844). 

E.  myrttfia,  Burch.  Trav.  Int.  S.  Afr.  ii.  p.  588  (1824),  Alph.  DC.  I  c.  p.  217.  n.  8. 

K  humilis,  Eckl.  et  Zeyh.  in  Linneea,  xx.  p.  192  (1847). 

Glabrous  dense  shrub,  extremities  and  flowers  glandular  but  not  hairy,  4  to  9  feet  in 
height  or  a  moderate  sized  tree,  dioecious.  Bi-anches  alternate  or  opposite,  at  40®  to  60® 
with  stem,  numerous.  Leaves  obovate  or  oblanceolate,  coriaceous,  shortly  petiolate,  wavy 
or  in  var.  myrtina  nearly  flat,  opposite  or  alternate,  veins  inconspicuous,  cuneate  at  base, 
rounded  or  nearly  so  at  apex,  evergreen,  \ — IJ  in.  in  length  by  \ — |  in.  in  width  (or 
■^ — \  in.  in  width  in  variety  myrtina) ;  petioles  -^ — ^  in.  in  length.  Bracts  sometimes  large 
Vol.  XII.  Pabt  I.  14 
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and  leaf-like,  caducous ;  flowers  racemose,  with  divisions  of  corolla  reaching  to  level  of  apices 
of  calycine  lobes. 

<J .  Racemes  | — J  in.  in  length,  shorter  than  leaves,  lax,  bearing  6 — 7  flowers ;  pedicels 
^5 — J  in.  in  length,  slender ;  flowers  -^  in.  in  length.  Calyx  openly  cup-shaped,  4-fid,  short ; 
lobes  deltoid,  acute.  Corolla  hemispherical,  4-lobed,  somewhat  glandular  outside;  lobes  oval, 
more  than  half  the  depth  of  the  corolla.  Stamens  10 — 15,  mostly  in  pairs,  inserted  at  base 
of  interior  of  tube  of  corolla;  anthers  oblong,  mucronate,  with  a  few  bristles  near  apex, 
dehiscing  widely  from  apex;   filaments  slender. 

9 .  Racemes  I — ^  in.  in  length,  nearly  erect  in  flower,  drooping  in  fruit,  bearing  3 — 8 
flowers ;  pedicels  under  ^  in.  in  length ;  narrow  bracteoles  sometimes  present  on  middle  of 
pedicels.  Flowers  ^in.  in  length.  Calyx  short,  campanulate,  4-lobed,  lobes  deltoid,  extending 
less  than  half-way  down  the  calyx.  Corolla  4-partite,  erect  or  spreading,  in  bud  cylindrical, 
somewhat  glandular  outside  along  middle  of  lobes;  lobes  ovaL  Stamens  0.  Ovary  and  2 
styles  together  rather  longer  than  corolla;  styles  as  long  as  ovary,  at  first  erect  and  conti- 
guous, glabrous,  bifid  at  apex,  deciduous ;  ovary  somewhat  hairy  at  base,  hairs  white,  glabrous 
above,  2 — i-celled,  4-ovuled ;  ovules  oblong.  Berry  globular,  -^ — J  in-  in  diameter,  purple  or 
red,  glabrous,  edible,  1— 2-celled,  ultimately  only  1-celled,  1-seeded. 

Bark  whitish  grey  rough,  wood  brown  hard  close-grained  and  fit  for  joiners*  fancy-work, 
veneering,  &c.     (Dr  Pappe,  Silva  Capensis,  p.  21  [1854]). 

Var.  /8.  myrtina.  Leaves  -^ — ^  in.  wide,  oblanceolate,  nearly  plane ;  fruit  black ;  about 
4  ft.  high.    Known  only  in  fruit,  but  probably  a  form  of  this  species.     {E.  myrtina,  BurcL) 

The  fruit  is  sweet,  with  some  astringency;  called,  as  well  as  other  species  of  the  genus, 
guarribosches,  and  the  fruit  guarri,  by  the  Hottentots  in  South  Africa. 

Cape  of  Good  Hope,  Kalahari  region  and  Trans- Vaal.  Drlge!;  Reeves!;  Dr  Pappe!; 
Bwrke!  (Trans-Vaal) ;  Masson/;  Alexander-Prior!;  Dr  Thorn!  243,  386;  Cooper!  408;  Mac 
Owan!;  Zeyher!  3358;  Ecklon  and  Zeyher!  1124  (E.  humilis,  Eckl.  et  Zeyh.);  BurcheU! 
1792  (2162,  2573,  E.  myrtina,  Burch.,  Kalahari  Region),  2943,  3168,  7198. 

Excluded  species  of  Euclea. 

Euclea  herbacea,  Lour.  Fl.  Cochinch.  p.  629  (1790).    Cfr.  Euphorbiacese. 
Euclea  pilosa,  Lour.  loc.  dt,  =  Diospyros  pilosa,  Alph.  DC. 

III.    MABA,  J.  R.  et  G.  Forster,  Characteres  Generum  Plantarum,  p.  121.  t.  61  (1776). 

Flores  diced,  rariesime  monoBci  vel  polygami,  plerumque  trimeri  rariue  4 — Q-meri  Calyx 
campamdatus  vel  ohhngua,  nonplicatus,  lobatusvel  tntncatua ;  corolla  campanvlaixivd  tvbidosa, 
lobia  in  prcefloratione  sinistrorae  oontortis. 

Flos  masculus ;  etamina  3 — oo ,  plerumque  glabra  rarius  pilosa  vel  pubescentia.  Ovarium 
dbortivum. 

Flos  femineus ;  staminodia  0 — oo ,  plerumqae  pauca;  ovarium  3-  vel  S-loculare,  6'Ovtdatum; 
fructus  plerumque  msdiocris,  bcLCCoMs. 

Arbores  vel  frutices,  foliis  alterais  integerrimis,  inflorescenti&  axillari  vel  rarius  laterali. 

Alph.  DC.  Prodr.  vill.  p.  240.  n.  Vll.  (1844). 
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Piamia  (sp.)  Rottb.  in  Nye  Saml.  Kong.  Danske  Skrift.  vol.  H.  p.  636.  t.  4  £  2  (1783) 
Ehretia  (sp.),  WiUd.  Phytogr.  I.  p.  4.  t.  2.  f.  2  (1794). 
Ferreola,  Roxburgh,  PL  Coromandel,  I.  p.  35.  t.  45  (1795). 

Ferriola,  Roxburgh,  Hort  Bengal,  p.  72  (1814),  Fl.  Ind.  edit  1832.  voL  la  p.  790. 
MacreighUa,  Alph.  DC.  Prodr.  vin.  p.  220.  n.  v.  (1844), 
HohchiLuSy  Dalzell  in  Kew  Journal  of  Botany,  iv.  p.  290  (1862). 
Bhipidostiffma,  Hasskarl,  Retzia,  L  p.  103  (1855). 

Flowers  dioecious  or  rarely  polygamous  or  very  rarely  monoecious,  usually  trimerous,  occa- 
sionally 4 — 6-merous.  Calyx  usually  3-fid,  sometimes  4 — 6-fid  or  -partite  or  shortly  lobed, 
rarely  truncate  and  entire ;  more  or  less  campanulate  at  least  in  flower,  sometimes  accrescent 
but  less  so  than  in  many  species  of  Diospyros,  not  plicate.  Corolla  usually  3-lobed,  exceeding 
the  calyx,  campanulate  or  tubular;  lobes  contorted  sinistrorsely  as  regarded  from  within. 
Stamens  in  6  flower  3 — oo  usually  about  9  and  glabrous  except  in  §  Trichanthera,  distinct 
or  some  or  all  united  by  their  filaments  in  pairs  or  otherwise;  anthers  oblong  or  lanceo- 
late-linear, dehiscing  longitudinally  by  lateral  slits;  filaments  inserted  at  base  of  corolla  or 
hypogynous ;  staminodes  in  9  flower  0 — oo ,  usually  fewer  than  in  S  flower,  glabrous .  or 
hairy.  Ovary  in  i  rudimentary,  hairy  or  glabrous ;  in  9  3-  or  6-celled,  hairy  or  glabrous ; 
style  3-lobed  or  styles  3;  ovules  6,  solitary  in  the  cells  or  2  together  in  3-celled  ovaries; 
rarely  an  ovary  is  3-celled  with  3  imperfect  septa  between  the  pairs  of  ovules  not 
reaching  the  central  axis  of  the  ovary.  Fruit  usually  globose  or  ovoid,  glabrous  or  hairy, 
1 — 6-celled  and  -seeded,  usually  not  exceeding  1  in.  long,  baccate  or  dry;  seeds  as  in  the 
Order,  in  a  few  species  with  ruminated  albumen.  Fruiting  calyx  spreading  or  cupuliform. 
Trees  or  shrubs  usually  with  hard  wood,  widely  distributed  in  most  countries  where  the 
Order  is  represented  but  absent  from  the  Cape  of  Good  Hope,  though  occurring  in  Natal 
and  other  parts  of  Africa 

Leaves  always  alternate  simple  and  quite  entire,  smaller  for  the  most  part  than  in  IHo- 
spyros,  but  reaching  10^  in.  in  length  in  M.  pwnctata.  Flowers  solitary  or  in  short  cymes 
either  axillary  or  very  rarely  lateral  on  the  older  branches. 

The  name  is  adopted  from  that  locally  used  in  the  Friendly  Islands  for  plants  of  this 
genus.  Maia  is  also  given  by  the  natives  in  the  vicinity  of  the  Congo  river.  West  tropical 
Africa,  to  the  fruit  of  the  oil-palm  (Elceis  guineensis). 

Maba  may  be  divided  into  the  following  sections,  a  key  to  which  is  subjoined. 
Anthers  glabrous   or  in  a  few  species  slightly  hairy.     Flowers  trimerous   or  occasionally 
tetramerous  or  rarely  in  M.  lancea  pentamerous. 
Calyx-lobes  not  much  imbricated. 

Ovary  densely  hairy  (except  in  M.  obovata,  R.  Br.) 

Staminodes  0.    Ovary  3-celled.  §  1. 

Staminodes  3 — 6.    Ovary  6-celled.  §  2, 

Ovary  glabrous  (pubescent  or  nearly  glabrous  in  Jf.  SeyoheUarum). 

Flowers  sessile  or  subsessile.    Ovary  3-  or  6-celled.     §  3.    Holochilxjs. 
Flowers  crowded  in  short  branched  or  fascicled  cymes 
(  9  flowers  solitary  in  Jf.  lamponga).  Ovary  6-celled.  §  4. 
Calyx-lobes  rounded  and  much  imbricated  so  as  to  make  the  ca- 
lyx appear  subtruncate.  §  5. 
Anthers  pilose.    Flowers  3 — 6-merou8.    Ovary  hairy,  6-celled.  §  6. 


Febreola* 
Macreightia. 


Bhipidostiqma. 


Barberia. 
Trichanthera. 
14—2 
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§  1.    Febbeola. 

Fruit  reddish,  brovm,  or  dark-coloured. 

Fruiting  calyx  very  small,  usually  Bot  cupuliform,  flat  or  reflexed.     ^  flowers  tubular. 
Fruit  subglabrous,  shining.    Fruiting  calyx  trifid. 

Fuliginous-hispid.    Leaves  about  1  in.  long.  1.  M.  diffusa. 

Glabrescent.    Leaves  1^ — 4^  in.  long. 

Fruit  globose,  J  in.  in  diameter.    Calyx  glabrate.  2.  M.  Mualala. 

Fruit  ellipsoidal-oblique,  J  in.  long.    Calyx  somewhat  hairy.   3.  M.  hemicycloides. 
Fruit  tomentose.    Fruiting  calyx  tripartite. 

Stamens  4 — 5.  4.  M.  (icmniTiaUu 

Stamens  12—16. 

Leaves  oblong.    Stamens  about  12.  5.  Jf.  ohlongifolia. 

Leaves  oblong-ovate.    Stamens  13 — 16.  6.  M.  ovalifolia. 

Fruiting  calyx  accrescent  or  not  very  small,  usually  cupuliform  (sometimes  small  in  Jf. 
biucifolia). 

i  flowers  subsessile  in  short  cymes.     9  flowers  sessile  or  subsessile. 
Fruit  hairy,     i  flowers  with  tubidar  corolla. 
Stamens  3 — 6  (-7j.     Flowers  trimerous. 
Leaves  cordate  at  base,  subsessile. 
Leaves  not  cordate  at  base,  shortly  petiolate. 
Stamens  9  (in  trimerous  flowers,  4  in  a  tetramerous  one). 
Leaves  glabrous,  elliptical 
Leavers  hairy,  lanceolate-oblong. 
Fruit  subglabrate.    Corolla  campanulate. 
Leaves  without  conspicuous  net-veins. 

Calyx  hairy.    Leaves  usually  more  than  1^  in.  long. 
Branches  nigro-verrucose.    Stamens  15 — 17. 
Branches  smooth.    Stamens  6 — 12. 
I  <5  flowers  1 — 3  together. 
I  S  flowers  several  together. 

Leaves  lanceolate,  paler  beneath.  13.  M,  lancea. 


7.  M.foliosa. 

8.  M.  rufa. 

9.  M.  laurina. 

10.  M.  nigrescens. 


11.  M.scmdtuicensis. 


12.  M.  buaifolia. 


Leaves  obovate,  of  same  colour  on  both  sides. 


9  flowers  solitary. 
9  flowers  3  together. 
Calyx  glabrous,  at  least  in  fruit    Leaves  about  1  in.  long. 
Leaves  highly  reticular. 

Bracts  not  much  imbricated. 

Leaves  elliptic-oblong,  about  2  in.  long. 
Leaves  elliptical,  3 — 4  in.  long. 
Bracts  much  imbricated. 
i  flowers  pedicelled  in  manifest  cymes,     i  corolla  tubular.     ^ 
Stamens  3 — 6.    Leaves  oval,  obtuse,  glabrescent 
Stamens  9.    Leaves  ovate-oblong,  acuminate  at  apex,  hairy. 
Fruit  covered  with  white  efflorescence. 


14.  M.  ohovata. 

15.  M,  geminata, 

16.  M,  humiUs. 


17.  M.  reticulata. 

18.  M.  compacta. 

19.  M.  Hillebrandii. 
flowers  stalked. 

20.  M.  eUiptica. 

21.  M.  sumatrana. 

22.  M.  VieiOardi. 
Cfr.  [23.  M.  major. 

24.  J£  Andersoni.] 
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§  2.    Macreightia. 


26. 
27. 


Olaucescent     (N.  America  and  West  Indian  Islands.) 

Leaves  rotund  or  ovate,,  spinulose-apiculate. 
Leaves  obovate,  not  spinulose-apiculate. 

Albumen  deeply  ruminated.    Net-veins  conspicuous. 
Albumen  not  ruminated.    Veins  few. 

Dull  or  hairy.     (S.  America,  Mexico,  and  West  tropical  Africa.) 

Albumen  not  ruminated.     Stamens  glabrou&     Flowers  campanulate. 
somewhat  cupuliform,  not  very  smalL     (S.  America  and  Mexico.) 

Cymes  usually  3-flowered,  -^ — J  in.  long. 

Leaves  whitish  beneath. 
Leaves  not  whitish  beneath. 

Leaves  oval  or  obovate. 

Leaves  obovate-lanceolate,  membranous. 

Leaves  lanceolate-oblong,  coriaceous. 

6 .    Cymes  many  flowered,  ^  in.  long,   $    flowers  solitary.     32. 

Albumen  ruminated.     Stamens  somewhat  hairy.      5  flowers  tubular 

very  small,  flat.    (Africa.)  33. 


25.  Jf.  Or%sii>achii. 


M.  cartbcBO. 
M.  intricata. 

Fruiting  calyx 


28.  K  albens. 


29. 
30. 
31. 


M.  inconstcma. 
M.  acapidcenais. 
M.  8(Uicif6li(L 

M.  Riwmii. 

;  fruiting  calyx 
M,  Mannii. 


§  3.     HOLOCHILUS. 


Flowers  campanulate  or  with  short  tube.     (Africa.) 

Ovary  3-celled;  cells  2-ovule4 

Calyx  shortly  3-lobed,  pubescent 

Ovary  more  or  less  hairy.     Leaves  narrowly  elliptical, 

obtuse.  84.  M.  SeycheUarum. 

Ovary  quite  glabrous.    Leaves  lanceolate,  acute.         35.  M.  IrniceoUUa.  . 

Calyx  truncate  entire,  glabrous.  36.  M.  natalenM. 

Ovary  6-celled;  cells  1-ovuled. 

Leaved  lanceolate-oblong ;  flowers  several  together.  Branches 

dark.  37.  M.  abymnUxk 

Leayes  ovaL     V  flowers  3  together.    Branches  argenteo-cine- 

reous.  38.  M,  quihensis. 

Floweors  tubular.    (India.)  39.  M.  micranOui. 
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§  4.     BmPIDOSTIOMA. 

Dioecious.    Stamens  fr-^18. 

Glabrous.    Leaves  not  cordate  at  base. 

i.  Cymes  rather  lax. 

9..  Flowers  soEtary.    Corollarlobes  acuminate. 
9.  Flowers  cjrmose.    Corolla-lobes  not  acuminate. 

Leaves  submembranous.    Stamens  glabrous. 
Leaves  coriaceous.    Filaments  often  minutely 

ated.    Albumen  not  ruminated. 
Leaves  coriaceous.    Albumen  ruminated. 

i.  Cymes  dense. 

Pubescent.    Leaves  cordate  or  subcordate  at  base. 

"Hermaphrodite.    Stamens  4 — S,** 

IjCfymes  about  J  in.  long.    Leaves  oblong. 

I  Cymes  very  short.    Leaves  oblong-lanceolate. 

Cfr. 


cili- 


40.  M.  lamponga. 

41.  M.  merguensis. 

42.  M.  fascicvhaa. 

43.  M.  rwminata. 

44.  Jf.  cofaferHflora. 

45.  M,  pu/nctatcL 


46.  M,  Teijsmanni. 

47.  M.  hermaphroditiai. 

[48.  M.  javanica.] 


§  6.    Babberia« 
Ovary  glabrous. 

Staminodes  about  8.     9  Cymes  3 — 5-flowered. 
Staminodes  about  16.    Flowers  subsolitary. 

Ovary  shortly  pubescent. 

Glabrous.    Leaves  2 — 4 in.  long,  more  or  less  narrowed  at  base; 


49.  M.  Maingayi. 

50.  M.  MoOeyi. 


petioles  I — |in.  long. 


Leaves  | — 2  in.  long,  rounded  at  base,  with  shortly  tomentose  mid- 
rib; petioles  ^in.  long. 


61.  M.  myrmecocaiya. 


62.  M.  Beccarii. 


§  6.    Tbichanthera. 


Polygamous.    Ovary  ovoid-conical.    Leaves  appressedly  flavo-sericeous 


beneath,  not  cordate. 
Ovary  globose  at  base,  narrowly  conical  above.    Leaves  supra-cordate 
Dioecious.    Ovary  subglobose.    Leaves  not  flavo-sericeous  beneath. 
Flowers  3-  (rarely  6-)  merous. 

Shoots  with  spreading  hair& 
Shoots  with  appressed  hairs. 

Flowers  5 — 6-merous. 

I  Flowers  arising  from  the  old  wood. 

I  Flowers  axillary  from  the  young  branches 

I  Staminodes  11^13,  somewhat  pilose 
{Staminodes  26— 30|  nearly  glabrous. 


63.  M.  sericea. 

64.  M.  cardata. 


65.  M.  viyrmecocarpa. 

66.  M.  myristicoides. 

67.  M.  (yiidifiorcL 

68.  M.  HOaireL 
60.  M.  Mellmoni. 
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1.    Maba  diffusa,  sp.  nov. 

M,  ramvMs  patentibus,  fuUgiTieo-pvbescmUhua ;  foliia  ovatis  vel  omMbiLS,  uncialibus,  apice 
obtush  anguatatis,  Jxm  svhrotundis,  glabris,  nitentibus,  sulcoriaceis,  breviter  peidolatis;  fructibua 
eUipsoideis,  appressi  avhsericeis,  trUoctdaribvs,  1 — i-spermis,  brevissime  peduncida/tis ;  caiyce 
fractifero  minimo,  trifido,  non  appresso. 

Stem  and  branches  terete,  dark  or  cinereous;  branches  fuliginous-pubescent,  patent, 
slender.  Leaves  ovate  or  oval,  nearly  rounded  at  base,  obtusely  narrowed  at  apex,  glabrous 
and  shining  on  both  sides,  subcoriaceous,  margins  thickened,  somewhat  wavy ;  midrib  depressed 
on  upper  side;  lateral  veins  patent  very  numerous  and  delicately  raised  on  both  sides;  of 
a  rich  brown  colour  on  both  sides  when  dry;  J  to  1  in.  in  length  by  J  to  fin.  in  width; 
petioles  ^in.  in  length,  pubescent  Elnown  only  in  fruit  Fruit  shortly  pedunculate,  near 
ends  of  branches,  solitary ;  fruiting  peduncle  -^ — j^  in.  in  length.  Fruiting  calyx  loosely  concave 
or  horizontal,  small,  somewhat  pubescent,  about  -j^in.  in  length,  roundedly  S-fid.  Fruit 
somewhat  appressedly  silky,  of  rich  brown  colour,  straight,  ellipsoidal,  ^  to  |  in.  in  height 
by  ^  to  ^in.  or  more  in  thickness,  3-celled,  1 — 2-seeded;  seeds  black,  ^in.  in  length; 
albumen  not  ruminated;  embryo  nearly  flat. 

N.W.  Madagascar,  PeruUU! 

%    Maba  Mualala,  Welw.  MSS. 

M.  glabra,  foliis  eUipticis,  apice  scepivs  obtusi  acuminatis,  basi  leviter  angustatta  vel 
sub^otundis,  tenuiter  cariaceia,  persistentibvs,  nitentibtiaf  reticuiaHs,  breviter  petiolatis ;  fructibua 
aolitariis  vel  binis,  subsessiUbus,  globosie,  glabris;  calyce  fruciifero  trifido,  minimo,  patente, 
glabrato. 

A  fine  glabrous  tree,  15 — 85  feet  high  in  the  interior  of  the  country,  or  near  the 
sea-coast  scarcely  more  than  a  bush  3 — 5  feet  high;  very  rarely  flowering.  Trunk  strict; 
branches  terete,  leafy.  Wood  very  hard,  valuable,  black  in  the  centre  but  not  always  so. 
Leaves  alternate,  elliptical,  in  most  cases  obtusely  acuminate,  slightly  narrowed  at  base  or 
nearly  rounded,  thinly  coriaceous,  evergreen,  deep  green,  highly  polished,  IJ — 4Jin.  long 
by  ^ — If  in.  wide,  delicately  reticulated;  midrib  depressed  above;  margins  slightly  undu- 
lated; petioles  -j^j — ^in.  long.  Flowers  unknown,  9  axillary,  in  very  short  1 — 8-flowered 
cymes.  Fruit  solitary  or  two  together,  subsessile,  globose,  shining,  glabrous,  black-purplish, 
slightly  nerved,  about  |  in.  in  diameter,  1-seeded ;  seed  globose,  nearly  \  in,  in  diameter ; 
albumen  white,  cartilaginous,  not  ruminated;  fruiting  calyx  3-fid,  spreading,  \ — |in.  in  dia- 
meter, glabrate;   lobes  ovate,  subacute. 

West  tropical  Africa,  Distr.  Golungo  Alto,  in  dense  woods,  fruits  in  March,  Dr  Wehvitsch  ! 
2539,  2540,  2541;  Do.  Distr.  Loanda,  very  rare,  in  thickets,  Dr  WelwiUch!  2542;  native 
name  Mualdla, 

3,    Maba  HEincrcLoroES,  F.  MuelL  ex.  Benth.  FL  Austr.  iv.  p.  290.  n.  3  (1869). 

M.  glabrescens,  foliis  elliptids  vel  oblongis,  utrinque  plus  minus  angustatds,  apice  obtusis, 
subcoriaceis,  breviter  petiolatis;  fructibua  aolitariia,  breviaaims  pedtmculatia,  avbglabria,  obliqui 
eUipsoideis;  calyce  fructif era  minimo,  patente,  trifido,  leviter  pvbescente. 
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A  small  tree;  branchlets  slender,  somewhat  hirsute  with  dark  hairs  at  extremities, 
quickly  glabrescent,  dark  cinereous  or  brown,  terete.  Leaves  elliptical  or  oblong,  narrowed 
more  or  less  at  both  ends,  usually  with  an  obtuse  apex,  thinly  coriaceous,  glabrous ;  margins 
with  small  undulations,  just  reflexed;  midrib  depressed  above;  lateral  veins  delicate,  nume-» 
rous,  raised  on  both  sides,  at  60*  to  70*;  2  J  to  4  J  in.  in  length  by  1 — l^in.  in  width; 
petioles  ^ — ^in.  in  length.  Known  only  in  fruit;  fruiting  peduncle  -^ — ^in.  in  length, 
not  thick,  pubescent ;  fruit  solitary,  near  ends  of  branches,  glabrous  or  nearly  so,  pale  brown, 
oblique,  ellipsoidal,  about  J  in,  in  height  by  | — ^  in.  in  thickness,  tipped  somewhat  laterally 
with  remains  of  style;  fruiting  calyx  small,  horizontal,  3-fid,  ^ — Jin.  in  diameter,  covered 
with  scattered  approssed  short  pale  hairs;  lobes  deltoid. 

Australia,  Queensland,  Rockingham  Bay,  BaUachy! 

4.    Maba  acuminata. 
M.  foliia  MipUais  valde  acuminatia,  boat  rotundatis  vel  parum  angtistatia,  svhmembra- 
naceis,  hreviter  petiolatia;  corollcstvho  qyuvm,  calyce  duph  Umgiare;  staminibiis  4 — 5;  fructibus 
globosis,  tomentosis  et  sparse  pilosis ;    calyce  fructifero  triparHto,  minima. 

Macreightia  acumindta,  Thw.  Enum.  CeyL  PL  p.  424.  n.  3  (1864). 

A  moderate  sized  tree  with  terete  erect-patent  branches.  Young  parts  pale  brown  sericeo- 
pubescent,  afterwards  becoming  dark  and  glabrous.  Leaves  elliptical,  long-acuminate,  rounded 
or  nearly  so  at  base,  in  the  dry  state  pale  greenish  glabrous  and  shining  on  upper  side  with 
scarcely  raised  veins,  pale  brown  sericeous  or  subpubescent  on  under-side  with  raised  clear 
lateral  veins  anastomosing  near  margin  and  sericeous  prominent  midrib,  submembranous 
shortly  petiolate,  2— 5 in.  in  length  by  |  to  IJin.  in  width;  petioles  f^ — fin.  in  length, 
pubescent.     Bracts  imbricated,  sericeous. 

<J.  Tube  of  the  corolla  twice  as  long  as  the  calyx,  Jin.  in  length;  stamens  4 — 5; 
ovary  pilose. 

5.  Fruit  globular,  pale  brown,  appressedly  sub-tomentose-pubescent,  | — |in.  in  diameter; 
fiiiiting  calyx  not  auricled. 

Ceylon,  Thwaitea!  C.P.  3718. 

6.    Maba  oblongifolia. 
M.  foliis  oblongis,  acuminatis,  subcoriaceis,  basi  rotundatis,  suhtus  secus  nervos  cum  petiole 
brevi  sub-ferrugineo-hispidis,  denique  glahris;  flanbus  musculis  solitariis  orebris  subsesmlibus, 
calyce  breviter  bbato,  staminibus  12  gktbris;  floribus  femineis  solitariis  hreviter  peduncuiatis, 
calyce  tripartito,  hispido,  non  accrescente,  staminodiis  0,  fructibus  svbglobosis  tomentosis, 

Macreightia  oblongifolia,  Thw.  Enum.  CeyL  PL  p.  183.  n.  1.  (1860),  p.  423  (1864) ;  non 
Marcreightia  oblongifolia^  Kurz, 

A  small  tree ;  young  parts  very  hispid,  subferruginous ;  branches  terete,  quickly  turning 
dark  and  glabrous,  spreading  at  about  40*.  Leaves  oblong,  acuminate,  subcoriaceous ; 
upper  side  brown  (often  of  a  rich  deep  colour)  shining  and  glabrous  when  dry,  midrib  and 
lateral  veins  depressed ;  under-side  palish  brown,  subpubescent,  lateral  anastomosing  veins 
and  especially  midrib  raised  prominent  and  pubescent ;  3  to  7J  in.  in  length  by  1 J  to  3  in. 
in  width;  petioles  ^^Jin.  in  length,  glabresoent,  at  first  hispid. 
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<J.  Flowers  subsessile  solitary  crowded  on  short  axillary  densely  pubescent  branches; 
buds  oblong,  subferruginous,  sericeous-pubescent,  about  J  in.  in  length.  Calyx  J  in.  long,  3-lobed 
at  apex.  Stamens  12,  glabrous,  in  several  rows,  unequal,  partly  hypogynous  and  partly  at 
base  of  interior  of  tube  of  corolla.    Ovary  minute,  hairy. 

9.  Flowers  solitary,  ferruginous,  shortly  pedunculate,  hispid;  bracts  imbricated,  large, 
hispid;  peduncle  ^in.  in  length,  hispid.  Flowers  -^in.  in  length  (not  expanded  in  specimens), 
ovoid-oblong.  Calyx  |in.  in  length,  with  3  deep  diverging  ovate  acute  lobes.  Corolla  3-fid, 
glabrous  inside.  Stamens  0.  Ovary  covered  with  light  ferruginous  vertical  hairs,  S-celled 
or,  according  to  Dr  Thwaites,  6-celled.    Style  divided  at  apex  into  3  glabrous  stigmas. 

Fruit  subglobose,  ferruginous-tomentose,  lin.  in  diameter,  fruiting  calyx  not  accrescent 
nor  auricled ;  2-  or  3-seeded ;  seeds  black,  glabrous,  about  J  in.  in  length  by  J  in.  in  thick- 
ness, bounded  by  2  plane  contiguous  sides  and  a  curved,  surface,  a  horizontal  section  being 
a  sector  of  a  circle;  a  reddish  raised  line  runs  down  middle  part  of  outer  surface  of 
the  seed;  albumen  not  ruminated;  radicle  cylindrical,  half  as  long  again  as  the  oblong 
cotyledons. 

Ceylon,  Thwaites!  C.P.  3396. 

6.    Maba  ovaufolia. 

i£  folits  oblongO'Ovatis,  parum  acuminatis,  obtusitiscuiis,  basi  Bcepiua  rotundatis,  subcoriaceis, 
glabrescentibus,  breviter  petiolatis ;  jloribus  masculis  solitarm,  crebris,  calyce  incequcditer  tri- 
dentcUo,  {corolld  ^-fidd),  ataminibua  13 — 16,  gUibria,  ovarii  rudimento  hirsuto. 

Macreightia  ovalifolia,  Thw.  Enum.  CeyL  pi.  p.  424.  n.  2  (1864). 

Tree  of  moderate  size;  youug  parts  pubescent,  soon  glabrescent  and  cinereous;  branches 
terete,  erect-patent.  Leaves  oblong-ovate,  shortly  acuminate,  subcoriaceous,  usually  rounded  at 
base,  brown  on  both  sides  when  dry,  darker  above,  glabrescent,  flat,  margins  just  recurved,  patent, 
shortly  petiolate,  midrib  and  lateral  anastomosing  veins  raised  beneath  depressed  above, 
2  to  3  J  in.  in  length  by  1  to  If  in.  in  width;  petioles  fin.  in  length,  stout  Bracts 
imbricated,  large,  caducous. 

<J.  Flowers  solitary,  crowded  on  young  short  branchlets,  ferruginous  sericeous,  ^^^in.  in 
length  before  expansion,  oblong.  Calyx  Jin.  in  length,  tubular,  with  3  short  acute  teeth 
chiefly  on  one  side,  a  deeper  division  being  opposite.  Corolla  often  bent  sideways  (closed 
in  specimens),  somewhat  constricted  about  the  middle,  4-fid,  dark  and  glabrous  inside. 
Stamens  13 — 16  (14  in  one  case  examined),  unequal,  glabrous;  ovary  rudimentary,  repre- 
sented by  a  bunch  of  hairs. 

Ceylon,  Thwaites!  C.P.  3717. 

7.    Maba  foliosa.  Rich,  ex  Asa  Gray  in  Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  VoL  v.  p.  326  (1862). 

M.  foliis  ovaiibtta  vel  ovatis,  basi  cordatis,  coriaceis,  confertis,  subsessilibus ;  Jloribus  nmsculis 
3 — h-nis,  brevissime  cymosis,  calyce  campam/idato-oblongo,  breviter  trifido,  coroUd  breviter  trifidd, 
staminibiLs  3,  glabris ;  Jloribus  femineis  subsessilibus,  cymis  1 — 3-Jloris,  fructihus  ferrugineo- 
tomentosis. 

Vol.  XU.  Paet  I.  15 
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Young  parts  rufous  or  fuliginous,  hirsute ;  branches  glabresoent,  cinereous ;  leaves  crowded, 
subsessile,  oval  or  ovate,  cordate  at  base,  midrib  depressed  above,  veins  indistinct,  coriaceous, 
rufous-hirsute  when  young,  glabrescent  except  on  margins  and  midrib  beneath,  1 — 2iin. 
long  by  j — lin.  wide;  petioles  shorter  than  the  emargination  at  the  base  of  the  leaves. 

i.  Flowers  on  very  short  nodose  pubescent  3 — 5-flowered  cymes;  flowers  (in  bud) 
ovoid-oblong,  rufous-hirsute.  Calyx  J  in.  long,  campanulate-oblong,  shortly  3-fid,  smooth  inside ; 
lobes  deltoid;  corolla  shortly  3-fid,  hirsute  outside,  glabrous  inside;  stamens  8,  hypogynous, 
glabrous;  filaments  distinct;  anthers  linear,  dehiscing  laterally  by  longitudinal  slits;  ovary 
pubescent,  small,  rudimentary. 

9 .    Fruiting  peduncles  1 — 8-flowered ;  calyx  3-lobed ;  fruit  ferruginous-tomentose. 

Feejee  Islands,  WUkea!;  New  Caledonia,  Pomcher/  301;  Muthuata  and  Ovolau,  alt. 
2000  feet,  Feejee  Islands,  Asa  Gray,  Z.  c. 

8.    Maba  rufa,  LabilL  Sert.  Austr.  Caled.  p.  33.  t.  36  (1824). 

M.  foUis  (mUibus  vd  oblongis,  apice  lanceolatts  vd  breviter  et  obtuse  a^yuminatis  vel 
rotundatis,  basi  angttstatis  vel  rotundatis,  junioribus  utrinque  rufo-sericeis,  s(Bpius  glabrescentibtis, 
cmiaceis,  breviter  petiokUis;  inflorescentid  etfructibus  rufo-serUets ;  floribus  mascalis  3 — b-nis, 
brevissime  cymosis,  axillaribus,  trimeris,  corolld  tubviosd,  staminibus  3 — 6,  glabris;  floribus 
femmeis  sditariis,  suhsessilibus,  staminodiis  0,  ovario  dense  serkeo  S-loculari,  frucUbns  sub- 
globosis  vel  dlipsotdeis,  calyce  fructifero  cupaUformi, 

Alph.  DC.  Prodr.  viii.  p.  241.  n,  10  (1844). 

M.  sericocarpa,  F.  Muell.  Fragm.  v.  p.  164  (1866),  Benth.  FL  Austral  iv.  p.  289, 
n.  2  (1869). 

Jf.  cupulosa,  F.  Muell.  Fragm.  v.  p.  164  (1866),  vi.  p.  253  (1868). 

Diospyros  sericocarpa,  F.  Muell.  Austr.  Veg.  in  Intercol.  Exh.  Ess.,  1866 — 67,  p.  35  (1867). 

D.  cupuiosa,  F.  Muell.  Lc. 

M.  revduta,  VieiU.  MSS.  in  Hb.  N.  Caled.  n.  2876. 

A  shrub  or  tree  20  feet  high;  branches  terete,  slender,  spreading  at  about  45^ — 50^ 
rufous-sericeous  when  young,  leafy.  Leaves  oval  or  oblong,  lanceolate  or  shortly  and  obtusely 
acuminate  or  rounded  at  apex,  narrowed  or  rounded  at  base,  coriaceous,  appressedly  rufous- 
sericeous  when  young,  usually  glabrescent,  1 — 4  J  in.  long  by  | — 2§  in.  wide ;  midrib  depressed 
on  the  upper  surface,  margins  recurved  (sides  revolute  in  M.  revohUa,  VieilL);  petioles 
^5— iin.  long. 

<J.  Inflorescence  rufous-sericeous,  axillary  on  young  branches;  cymes  3 — 5-flowered; 
common  peduncle  |in.  long;  pedicels  very  short;  flowers  ovoid-oblong,  I — J  in.  long.  Calyx 
tubular,  shortly  3-lobed,  J — Jin.  long,  crass,  tomentose  on  both  sides.  Corolla  tubular, 
shortly  3-lobed,  sericeous  outside,  glabrous  inside ;  lobes  ovate.  Stamens  3 — 6  (-7)i  glabrous, 
hypogynous;  filaments  slender.     Ovary  rudimentary,  pilose. 

S.  Flowers  solitary,  subsessile,  about  }in.  long,  ferruginous-hai;y ;  bracts  imbricated, 
caducous.  Calyx  campanulate,  shortly  3-fid.  Corolla  tubular,  3-lobed  at  apex,  with  rounded 
imbricated  lobes.    Staminodes  0.    Ovary  3-celled,  densely  sericeous;  style  3-lobed  at  apex. 
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Fruit  ellipsoidal  or  subglobose,  J— 1  in.  high,  more  or  less  sericeous,  3-celled,  1— S — i-needed ; 
fruiting  calyx  accrescent,  cupuliform,  trifid,  reaching  half  way  up  fruit  or  higher,  pubescent. 
Seeds  oblong;  albumen  cartilaginous,  not  ruminated;  embryo  nearly  straight. 

Australia,   Queensland,   Rockingham  Bay,  DaMachy!; 

New  Caledonia,  Leplanche!  312,  446;  LabMardiere ! ;  Pancher!;  Caldwell!;  Vieillard/ 
891,  892,  894,  895,  896,  2872  (?),  2876,  2880. 

9.    Maba  laurina,  R  Br.  Prodr.  Fl.  Nov.  Holl.  p.  527.  n.  1  (1810). 

M.  foliis  elUpticis  vel  oblongia,  apice  rotundatia,  glabris,  nitenttbus,  tenuiter  coriaceis, 
petiokUis;  floribus  trimeris,  subsessilibtis,  calyce  late  campanviato,  crasso,  carolld  tuhnlosd, 
staminihm  9,  gldbria ;  in  floribus  femineie  etaminodiis  0,  ovario  S-loculari,  mbglahro,  dense 
aericeo, 

Alph.  DC.  Prodr.  VHL  p.  241.  n.  3  (1844),  Benth.  FL  Austral,  iv.  p.  289  n.  1  (1869). 

A  small  tree  with  smooth  dark  bark  and  quite  glabrous  shoots;  buds  and  inflorescence 
rufous-hairy.  Leaves  elliptical  or  oblong,  rounded  at  apex,  thinly  coriaceous,  glabrous,  shining 
especially  above,  3 — 5  in.  long  by  IJ — 2Jin.  wide,  margins  incrassato-recurved,  veins  slender, 
raised  on  both  sides;  petioles  Jin.  long. 

S.  Flowers  few  together  subsessile  (ex  Benth.  I.  c.)  solitary  or  sometimes  2  together 
very  shortly  peduncled  (ex  R.  Br.  MSS.),  trimerous;  calyx  Jin.  long,  globose-campanulate, 
coriaceous,  rather  crass,  with  numerous  soft  subappressed  cinereous-ferruginous  hairs  outside, 
glabrous  inside;  corolla  yellowish  white,  tube  cylindrical,  twice  the  length  of  the  calyx, 
hairy  outside  above  the  calyx,  lobes  rounded,  one  third  the  length  of  the  corolla ;  stamens  9, 
glabrous,  hypogynous,  alternately  in  pairs  and  single,  equal,  pollen  white ;  ovary  subglobose, 
hairy,  rudimentary  (?) ;  style  and  stigma  wanting. 

9.  Flowers  solitary,  subsessile,  trimerous,  rufous-tomentose,  scarcely  Jin.  long  by  Jin. 
thick;  calyx  Jin.  long,  semi-ellipsoidal,  crass,  appressedly  hairy  inside,  shortly  3-fid,  lobes 
obtuse;  corolla  urceolate-oblong,  glabrous  inside,  lobes  shoi-t  spreading  obtuse;  staminodes  0; 
style  3-lobed  at  apex,  stigma  dilated;  ovary  subglobose,  densely  sericeous,  rufous,  3-celled, 
cells  2-ovuled. 

Cumberland  Islands,  Australia^  iZ.  Brown!,  Oct.  17,  1802. 

10.    Maba  laaiiESCEXS,  Dalz.  in  Dalz.  et  Qibs.  Bomb.  Fl.  p.  142  (1861). 

M.  foliis  lanceolato-^blongis,  sulhcoriaceis,  undula^ds,  cUiatis,  breviter  petiolatis,  nervis  in- 
conspicuis;  floribv^  1 — S-ms^  3 — i^-meris,  ferrugineo-pubescentibus,  subsessilibus,  staminibus  9 
[vd  in  fl.  4Hneris,  4 — 6)  glabris;  in  floribus  femineis  staminodiis  0,  ovario  pubescente,  3- 
locuiari,  fructibus  eUipsoideis,  sericeis,  calyce  cupuMformi. 

A  tree  firom  15  to  35  feet  high  with  dense  ferruginous  pubescence  on  the  shoots 
petioles  and  flowers;  older  branches  dark-cinerous ;  branches  at  about  50^  rigid.  Leaves 
lanceolate-oblong,  narrowed  at  least  at  apex,  sometimes  nearly  rounded  at  base,  coriaceous, 
1 — 3  J  in.  long  (including  petiole  -j^ — fin.  long)  by  J — IJin.  wide,  midrib  depressed  above, 
hairy  beneath,  margins  ciliate,  wavy.    Flowers  subsessile. 

^j.    Flowers  1 — 5  together  in  very  short  cymes,  Jin.  long,  trimerous  or  tetramerous; 
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calyx  I  in.  long,  3 — 4-lobed,  lobes  ^in.  deep,  deltoid  acute;  corolla  campanulate-oblong, 
^in.  long,  3 — 4»-fid,  lobes  spreading;  stamens  9,  6  in  3  pairs  and  3  distinct,  or  all  in  one 
row,  or  in  tetramerous  flowers  4 — 6,  glabrous,  hypogynous,  anthers  ^in.  long,  linear,  acute, 
filaments  slender;   ovary  rudimentary,  hairy. 

9.  Flowers  1 — 2  together,  trimerous,  fin.  long;  calyx  Jin.  long,  funnel-shaped,  shortly 
3'fid,  lobes  obtuse ;  corolla  3-fid,  lobes  somewhat  spreading,  rounded  at  apex ;  staminodes  0 ; 
ovary  hairy,  3-celled,  cells  2-ovuled.  Fruit  rufous,  sericeous,  ellipsoidal,  obtuse,  J  in.  long  in  the 
specimens,  often  with  the  remains  of  the  corolla  at  the  apex  which  has  been  pushed  forward 
during  the  growth  of  the  fruit ;  fruiting  calyx  J  in.  wide  by  f  in.  high,  somewhat  accrescent 
and  cup-shaped.    Flowers  in  July,  February;  fruits  in  May. 

India,  Canara,  Goa,  DdlaeU! ;  Moollis,  Dr  Ritchie!  n.  85.  Pretty  common  in  the  Ghaut 
jungles,  native  name  "  Ruktroora."  The  leaves  turn  black  in  drying,  and  appear  quite  veinless. 
Allied  to  M.  guineensis  ex  Dalz.  and  Gibs.  Lc,  I  have  not  seen  an  authentically  named 
specimen. 

11.    Mara  sandwicensis,  Alph.  DC.  Prodr.  vni.  p.  242.  n.  16  (1844). 

M,  ramie  nigricantihus  verrucosis,  foliis  ellipticis,  obtuse  dcuminatis,  basi  angvMaiis,  nervis 
inconspicuis ;  floribus  subsessilibus  plerumque  trimeris,  coroUd  campanukUd,  staminibus  15 — 17, 
ghbris ;  fructibus  solitariis  eUipsotdeis  vd  subglobosis,  glabratis,  calyce  pavlwm  ancto  brevi 

M.  eUiptxcdy  Seem.  Fl.  Vit  p.  152  (1866),  non  Forst. 

A  tree  or  shrub,  glabrous  except  the  young  parts  and  inflorescence  which  are 
pubescent;  branches  dark-cinereous,  rough,  verrucose;  leaves  elliptical,  subacute  or  rounded 
at  apex,  coriaceous,  glabrous,  petiolate,  1 — 2  J  in.  in  length  by  |  to  1\  in.  in.  width ;  petioles 
-^ — ^in.  in  length. 

^  .  Flowers  subsessile ;  calyx  3-fid  with  deltoid  acute  lobes,  hairy ;  corolla  similar ;  stamens 
15 — 17,  glabrous,  anthers  of  same  length  as  filaments. 

5 .  Fruit  ellipsoidal  or  subglobose  but  somewhat  oblique,  solitary,  downy  or  subglabrous, 
\ — I  in.  in  height,  reddish;  fruiting  calyx,  cup-shaped,  not  or  scarcely  accrescent,  usually  with 
rounded  lobes,  very  rarely  4-lobed,  somewhat  hairy.  Fruit-peduncle  patent,  \  in.  in  length 
or  shorter. 

Flora  Hawaiiensis,  no.  124,  H.  Mann  and  W.  T.  Brigham!  1867;  in  woods.  Sandwich 
Islands.  Capt  Wilkes!  U.S.  South  Pacific  Expl.  Exp.;  Gaudichaud!;  Oahu  and  Numan, 
Dr  Hiliebrand!  273,  Eemtf!  473;  Hawaii,  Dr  HiUebramd!  274,  Bemy!  470(?);  Fiji  Islands, 
Dr  Seertumn!  295. 


12.    Maba  buxifolia,  Pers.  Synops.  Plant,  ii.  p.  606  n.  2  (1807). 

M.  foliis  eUiptids  vel  obovatis  vel  Umceolatis,  apice  obtusis,  basi  angustatis,  coriaceis  vel 
submembranaceis,  glabris,  breviter  petiolatis;  floribus  1 — Z-nis  subsessilibus  trimeris  pubescen- 
tibus,  cymis  bretdssimis,  calyce  coroUdque  breviter  trifldis,  staminibus  6 — 12  ghbris;  in  floribus 
femineis  staminodiis  0,  ovario  hirsute,  5-loctdart;  fructibus  gbbosis  vel  eUipsoideis,  glabratis^ 
monospermis;  albumine  non  ruminate. 
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Wight,  Ic.  pL  Ind.  Or.  vol.  iiL  pt.  i.  p.  4.  t.  763  (1843),  Alph.  DC.  Prodr.  viii.  p.  240. 
n.  2  (1844),  Thw.  En.  CeyL  pi.  p.  183  (1860). 

HiGHULHAENDA,  Herm.  Mus.  Zeyl.  p.  21  (1717). 

Pisonia  {T)  huxifoliay  Rottb.  in  Nye  SamL  Kong,  Danske  Skrift.  vol.  n.  p.  536.  t.  4.  f.  2 
(1783). 

Ehrebia  ferrea,  Willd.  Phytogr.  i.  p.  4.  t.  2.  f.  2  (1794). 

Ferreoh,  luocifolia,  Eoxb.  Coromand.  vol  L  p.  35.  t  45  (1795),  Juss.  in  Ann.  Mus.  v. 
p.  418  (1804),  Corrda  de  Seira  in  Ann.  Mus.  viii.  p.  399.  t.  65.  f.  2  (1806). 

Maha  littorea,  R  Br.  Prodr.  FL  Austral,  p.  527.  n.  6  (1810)  [Mr  Bentham  unites  this 
with  M.  geminata,  R.  Br.]. 

Ferriola  buxifolia,  Roxb.  Hort.  Bengal,  p.  72  (1814). 

Ferreola  guineensis,  Schum.  Plant.  Guin.  p.  448  (1827),  in  Kong.  Danske  Vid.  Selsk. 
iv.  p.  222  (1829). 

Maba  Cimingiana,  Alph.  DC.  Prodr.  vill.  p.  241.  n.  4  (1844). 
M.  madagascariensis,  Alph.  DC.  Lc.  n.  7. 
Jf.  guineensis,  Alph.  DC.  I.e.  n.  8. 
if.  Smeathmanni,  Alph.  DC.  La  n.  9. 

(?)  M.  vaccinicBfoUa,  Benth.  in  Hook.  Niger  Fl.  p.  442  (1849). 

Jf.  neUgherrensis,  Wight,  Ic.  pi.  Ind.  Or.  (iv.)  nn.  1228—9  (1850),  Illust.  Ind.  Bot  ii. 
p.  147.  t  148  bis  E.  (1850). 

Jf.  Ebenus,  Wight.  l.c.  tt.  1228—9  (1850),  non  Spreng. 
Jf.  angustifoUoy  Miq.  ex  Thw.  En.  Ceyl.  pL  p.  183  (1860). 

A  shrub  or  tree;  young  parts  pubescent^  glabrescent;  branches  terete,  spreading  at 
35^ — 60^  Leaves  elliptical  obovate  or  lanceolate,  obtuse  at  apex,  more  or  less  narrowed  at 
base,  coriaceous  or  submembranous,  \ — 5  in.  long  by  \ — 2  in.  wide,  margins  usually  thickened 
or  reflexed  and  often  undulated,  veins  inconspicuous,  petioles  -^ — \  in.  long,  sometimes  hairy. 
Flowers  subsessile,  trimerous,  pubescent,  about  i  in.  long,  1 — 3  together,  in  very  short 
axillary  cymes,  on  the  young  branches.  Calyx  -^  in.  long,  campanulate,  with  short  deltoid 
lobes.  Corolla  campanulate-oblong,  shortly  3-fid,  lobes  elliptical.  Stamens  6 — 12  in  male 
flower,  0  in  female,  hypogynous,  glabrous;  ovary  rudimentary  and  hairy  in  male  flower^ 
3-celled  in  female  flower,  style  3-lobed  at  apex.  Fruit  globose  or  ellipsoidal,  glabrate,  ^ — |  in. 
thick;  fruiting  calyx  cupuliform,  shorter  than  the  fruit;  seeds  solitary;  albumen  white,  car- 
tilaginous, not  ruminated. 

Dr  Thwaites,  who  has  seen  growing  in  Ceylon  many  forms  of  this  polymorphic  and 
widely  distributed  species,  gives  the  following  varieties: 

Var.  /3.    microphylla,  foliis  parvulis. 

Yar.  y,  Eb&nvs,  foliis  majoribus  membranaceis  parum  acuminatis  vel  retasis  saspe  subor- 
biculatis. 

Yar.  8.    angustifolia,  foliis  lanceolati^  vel  lineari-lanceolatis,  obtusis. 

Dr  Thwaites  I.  c.  adds :  *'  I  have  devoted  much  time  to  the  examination  of  the  several 
very  different-looking  varieties  of  this  plant,  expecting  to  discover  some  sufficiently  important 
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constant  characters  to  enable  me  to  separate  them  specifically,  but  I  find  them  so  com- 
pletely connected  together  by  intermediate  forms  that  I  have  no  hesitation  in  considering 
them  all  as  representing  only  one  very  variable  species;  variable  it  may  truly  be  called, 
since  the  leaves  in  var,  /3.  are  sometimes  not  a  quarter  of  an  inch  in  length,  whilst  in  var.  8. 
they  reach  to  five  inches  in  length." 

East  Indies,  Wallich!  Ust  4145,  7461,  7535;  Dr  Wight!  1729,  1730,  1731;  Khenig!; 
PerroUet/;  Dr  Abel/;  Malacca,  Chr.  Smith!  99,  Dr  Maingayl  979;  Hdfer  and  Griffith/  3641; 
Ceylon,  Walker!  263,  Dr  Thwaites/  477,  1916,  1917,  3395;  Philippine  Islands,  Cwning/ 
1694;  Sooloo  L,  Wilkes  / 

New  Caledonia,  Ihiicher/  249,  VieiOard!  2864,  2873,  2877  (?). 

Australia,  North  Coast  Bay,  B,  Brown! 

Madagascar,  Gerard/  28,  Bemier!  112,  PerviU4!  700. 

Tropical  Africa,  Congo,  Chr,  Smith/,  Dr  Welmtsch/  2527;  Sierra  Leone,  Smeathmarm/; 
I.  St  Thom^,  Don/{?);  Guinea,  Leprieur! 

In  Ceylon  it  is  called  Kaho-habaraiej/a-gass,  in  Godaveri  forests  Nella  mcuidi,  and  in 
M€uiagascar  Cacason  mainti. 

The  following  specimens  seem  to  me  to  belong  to  this  widely-spread  and  variable  species; 
namely,  a  plant  in  fruit  from  the  Isle  of  Pines,  Loyalty  Islands,  Oceania,  collected  by  Sir 
E.  Home  (1853,  Hb.  Mus.  Brit)  and  Milne,  n.  12  (1853,  in  Hb.  Kew.);  and  a  plant  with 
subsessile  g^  flowers  and  fruit  from  the  Fiji  Islands  collected  by  J.  Storck,  n.  898  in  1860, 
which  Dr  B.  Seemann  in  Fl.  Vit  p.  152  (1866)  refers  to  M.  eUiptica,  Forst.  var.  glahrescens. 

A  specimen  stated  to  have  been  brought  from  the  Straits  of  Magellan  (but  fnrobably 
by  mistake)  in  Herb.  Commerson  in  fruit  seems  also  to  belong  to  this  species. 

According  to  Dr  Roxburgh,  this  species  among  the  mountains  of  the  Coromandel  coast 
of  India  grows  to  a  small  tree,  but  in  the  low  countries  it  is  only  a  shrub;  it  flowers  during 
the  hot  season;  the  berries  when  ripe  are  there  universally  eaten  and  are  very  well  tasted; 
the  wood  is  dark-coloured,  remarkably  hard  and  durable,  and  when  its  size  will  allow  it  is 
employed  for  such  uses  as  require  the  most  durable  and  heavy  wood. 

13.    Maba  lancea,  sp.  nov. 

M.  foliis  lanceolato^longis,  apice  acuti  acuminoMs,  basi  angusta/tie,  subglahrie,  stibtus 
paUidie,  supra  nervis  inconspicuis,  petiolatis ;  JhrSms  masculis  stthsessUibus,  dense  cymosis,  tri- 
meris  rarius  pentameris,  staminibus  5 — 6  (?),  antheris  basi  pubescentibys,  ovario  0. 

Toung  parts  and  inflorescence  puberulous;  branches  straight,  terete,  dark,  spreading  at 
about  60^  Leaves  lanceolate-oblong,  alternate,  firmly  submembranous,  opaque,  acutely  acu- 
minate at  apex,  somewhat  narrowed  at  base,  nearly  glabrous  except  the  veins  beneath,  dark 
green  on  upper  side,  pale  beneath,  with  veins  inconspicuous  on  upper  side ;  3 — 4  in.  long  by 
1  in.  or  rather  more  wide ;  petioles  -^ — \  in.  long. 

^.  Flowers  small,  several  together,  crowded  on  very  short  ferruginous-hairy  axillary 
cjrmes,  ferruginous  hairy  (closed  in  the  specimen);  bracts  rounded;  calyx  openly  campanu- 
late,  -^  in.  long,  deeply  3-fid ;  with  ovate  acute  lobes  pubescent  on  both  sides ;  corolla  (closed) 
•^  in.  long,  ovoid-conical,  covered  outside  with  pale  ferruginous  shining  hairs,  S  ?-lobed,  glabrous 
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inside;  stamens  5 — 6  (?),  hypogynous,  erect,  anthers  subsessile,  hairy  toirards  the  base,  subu- 
late; ovary  0.     Occasionally  a  calyx  is  pentamerous. 
Africa,  Sierra  Leone,  Smeaihman! 

14.    Maba  obovata,  R.  Br.  Prodr.  Fl.  Austr.  p.  527.  n.  2  (1810). 

M  foliia  ohovatia,  apice  rotundatia  vel  return,  basi  cuneatis,  hreviter  petiolatis,  nervis  in- 
conapicuis;  florihus  mascidis  3 — 7-nw,  trimeris  vel  rarius  tetrameris,  hremasime  cymosia,  cam- 
panuUxtia,  ataminSyua  6 — 12,  acepiua  9,  ovarii  rudiinento  viUoao;  florihua  femineia  aolitariia  svlh 
aeaailibva  trimeria,  ataminodiia  0,  ovario  glabro  triloculari, 

Alph.  DC.  Prodr.  vm.  p.  241.  n.  5  (1844) ;  Ettingsh.  Blatt-skeL  dikot.  p.  90.  t.  29.  f.  6. 
t  32.  figs.  1,  2  (1861). 

Young  parts  appressedly  pubescent;  branches  terete,  smooth.  Leaves  obovate,  usually 
retuse  or  rounded  at  apex,  cuneate  at  base,  thinly  coriaceous,  about  1|  in.  long  by  1  in. 
wide,  veins  inconspicuous,  margins  undulated,  scarcely  recurved,  of  same  colour  on  both  sides ; 
petioles  ^  in.  long. 

^.  Flowers  campanulate,  J — J  in.  long,  3 — 7  together,  in  very  short  axillary  cymes 
crowded  on  the  young  shoots;  calyx  3-fid  or  unequally  4-fid,  somewhat  pubescent  outside, 
glabrous  inside,  lobes  ovate;  corolla  whitish,  exceeding  the  calyx,  3 — 4-fid,  lobes  obtuse, 
somewhat  patent  appressedly  subsericeous  outside ;  stamens  6 — 12,  usually  9  and  alternately 
in  pairs,  glabrous;   pollen  white;  ovary  rudimentary,  hairy. 

$.  Flowers  solitary,  axillary,  subsessile,  like  ^  but  rather  thicker;  trimerous;  stami- 
nodes  0;  ovary  glabrous,  3-celled,  subglobose,  cells  2^ovuled;  style  shorter  than  the  ovary^ 
stout,  deeply  3-fid,  glabrous;  stigmas  emarginate  at  apex,  glabrous. 

Australia,  Carpentaria  Islands,  B.  Brown/,  flowers  in  November. 

Mr  Bentham  unites  this  species  with  M.  humilia,  R.  Br.  The  glabrous  ovary  in  the 
9  is  exceptional  in  this  section  of  the  genus,  but  the  rudiment  of  the  ^  ovary  is  hairy; 
possibly  the  two  sexes  belong  to  dififerent  species,  but  the  foliage  is  quite  alike  in  both. 

15.    Maba  geminata,  R.  Br.  Prodr.  p.  527.  n.  4  (1810). 

M.  foliia  obovatia,  apice  avhretuaia  vel  obtuaia,  baai  cwneatia,  coriaceia,  glabria,  petiokUia; 
fructibtia  1 — 3-nw,  avbaeaailibtia,  aubglabria,  ellipaoideia;  calyce  fructifero  brevtter  cupulijbrmi, 
irUobo,  aubglahro ;  Jhribua  maaculia  5 — 7-ww,  aubaeaailibiLa,  trimeria,  campanulatia,  calyce  pube- 
rvlo,  ataminihua  9,  glabria, 

Alph.  DC.  Prodr.  viii.  242.  n.  13  (1844) ;  Benth.  Fl.  Austr.  iv.  p.  291.  n.  8  (1869), 
excL  syn. 

Dioapyroa  geminata,  F.  Muell.  Austral.  Veg.  in  Intercolonial  Exhibition  Essays,  1866 — 
67,  p.  35  (1867). 

A  tree,  glabrous  except  the  flowers  and  fruit,  with  a  diffuse  irregular  head;  branches 
terete,  cinereous,  smooth,  spreading  at  45^  Leaves  obovate,  coriaceous,  subretuse  or  obtuse 
at  apex,  cuneate  at  base,  1^  to  3  in.  in  length,  by  |  to  2  in.  in  width;  petioles  j — {  in. 
in  length. 
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cf .  Flowers  in  subsessile  clusters,  about  6  to  7  together,  ^  in.  in  length,  oblong ;  calyx 
dark,  with  scattered  short  hairs,  3-lobed  at  apex,  ^  in.  in  length,  lobes  depresso-deltoid ; 
corolla  pale,  sericeous,  3-fid.  stamens  9,  free,  equal,  glabrous,  mostly  hypogynous;  ovary  rudi- 
mentary. 

9 .  Flowers  3  together,  subsessile ;  fruit  1  to  3  together,  ellipsoidal,  subglabrous,  |  in. 
in  length  by  J  in.  in  width,  subsessile,  1 — 2-celled,  terminated  by  remains  of  style,  1-seeded, 
straight,  rarely  3-celled  and  3-seeded ;  fruiting  calyx,  ^g — f  in.  high,  cup-shaped,  with  S  broad 
and  shallow  lobes ;  seed  ^  in.  in  length  by  ^  in.  in  thickness  with  a  depressed  longitudinal 
line ;  albumen  not  ruminated ;  radicle  more  than  double  the  length  of  the  cotyledons. 

A  slender  tree  attaining  50 — 60  feet  in  height  and  9  to  12  inches  in  diameter,  with 
dark  scaly  bark,  found  growing  in  the  scrubs;  wood  soft  and  tough;  fruit  eaten  by  the 
natives  {Thozet). 

E  Australia,  from  Moreton  Bay  to  Rockingham's  Bay;  Queensland,  DaUachy!;  Rodd's 
Bay,  N.  K  Australia,  A.  Cunningham/  306;  Moretown  Island,  Dr  Mueller! ;  Brisbane  River, 
Fraserly  Mueller!;  Queensland  Woods,  London  Exhibition,  1862,  no.  50,301!;  Keppel  Bay, 
Shoalwater  Bay,  Thirsty  Sound,  Broad  Sound,  B.  Brovm! 


16.    Maba  humilis,  R  Br.  Prodr.  p.  527.  n.  3  (1810). 

M.  foliia  obovatie,  parvis,  apke  rotundatia  vd  subretueiSy  basi  cunecUis,  coridceis,  glahris, 
svbsessilibus;  floribus  masculis  S-nis,  brevissime  cymosis,  trifidis,  campanulatie,  caiyce  stib' 
ghhro,  staminibvs  8 — 9,  gldbrie,  ovarii  rvdimento  hirsuto;  floribus  femineis  eolitariis,  sub- 
eemlibuSf  trilohis;  fruotibu^  glabrie,  apice  hirteUis,  ellipsoideie,  caiyce  fnictifero  cupuliformi, 
glahv, 

AlpL  DC.  Prodr.  viii.  p.  242.  n.  12  (1844);  Benth.  Fl,  Austr.  IV.  p.  291.  n.  9  (1869); 
non  Ettingsh.  Blatt-skeL  dikot.  p.  90.  t  36.  f.  8  (1861). 

Diospyroa  humilis,  F,  MuelL  Austral  Veg.  in  Intercolonial  Exhibition  Essays,  1866 — 67, 
p.  35  (1867). 

An  erect  bush  glabrous  or  puberulous  except  the  flowers,  2 — 5  feet  or  sometimes  20  feet 
high,  much  branched  ;  branches  terete,  subcinereous.  Leaves  obovate,  rounded  or  retuse  at 
apex,  narrowed  at  base,  coriaceous,  ^ — li  in.  in  length  by  i — f  in.  in  width ;  petioles  -^ — ^  in. 
in  length; , veins  not  conspicuous;  yoimg  leaves  with  a  few  depressions  on  the  lower  surface 
which  disappear  from  the  older  leaves. 

g.  Cymes  3-flowered,  ^  in.  in  length;  flowers  not  much  exceeding  t^r  i^-  ^^  length; 
caljrx  in  the  dry  state  of  a  chestnut  brown  colour,  3-fid,  subglabrous;  corolla  not  much 
exceeding  calyx,  3-fid,  lobes  straight,  light-hairy  outside;  stamens  8  or  9,  some  in  pairs, 
hypogynous,   glabrous;   ovary  rudimentary,  hairy, 

? .  Flowers  solitary,  subsessile,  i  in.  in  length,  oval ;  calyx  pubescent,  subferruginous,  with 
3  shallow  rounded  lobes,  turbinate;  corolla  not  much  exceeding  calyx,  hairy  outside.  Fruit 
solitary,  3-celled  with  cells  2-seeded,  or  1 — 2  cells  often  abortive  and  seed  solitary,  glabrous 
except  at  apex,   ^  in.  in  length  ellipsoidal;    frxdting  calyx  between  a  half  and  a  third  of 
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the  length  of  fruit,  cupshaped,  at  first  with  a  short  cylindrical  base,  glabrous ;  radicle  longer 
than  the  cotyledons. 

Australia,  from  Amhem  Land  to  the  islands  in  the  Oulf  of  Carpentaria  and  to  the 
tropic  in  East  Australia.  Rockhampton,  DaUachy  and  O'Shomeayl ;  Point  Pear,  Mueller  I; 
Dawson  River,  Mueller  1;  Burnett  River,  MueUerl;  Gilbert  River,  Mueller /;  Cliflfe  on  the 
entrance  of  the  Victoria  Riyer,  Mueller/;  Sweers  Island,  Hennel;  Broad  Sound  near  upper 
head,  in  thickets  not  far  from  the  shore^  JB.  Brown,! 

17.    Maba  reticulata,  R  Br.  Prodr.  p.  528.  n.  6  (1810). 

M.  foliia  obovatis  vel  ovalibuSj  apice  emarginatis  vel  rotundatis,  supra  vcdde  reticulatie, 
coria^ms,  glabris,  breviter  peHohUis;  florHnie  rruiecyiis  3 — ii-meris,  3 — 5-nw,  hremsime  cymo- 
818,  campanvlati8,  calyce  euhglahro,  staminihue  7 — 14,  ghhris;  floribus  femine^s  eolitariis, 
eubeessilibu^,  coroUd  3 — ii-fidd,  staminodiis  0,  ovario  eericeo,  S-locuiari;  fructibus  gldbratie, 
subgloboeie,  calyce  fructifero  leviter  aucto,  ivvtue  breviter  tomentoeo,  extue  glabro. 

Alph.  DC.  Prodr.  vill.  p.  24.1.  n.  6  (1844);  Benth.  Flora  Austr.  IV.  p.  291.  n.  7  (1869). 

M.  interstansy  F.  MuelL  Fragm,   bot.  v.  p.  163  (1866). 

A  shrub  of  8  ft.  or  a  tree  from  20  to  30  feet  in  height,  erect,  glabrous  or  very  quickly  gla- 
brescent,  much  branched;  branches  terete,  spreading  at  about  45^ — 50®,  bark  cinereous, 
thinly  rimose.  Leaves  oval  or  obovate,  emarginate  or  rounded  at  apex,  suddenly  narrowed 
or  rounded  at  base,  margins  often  recurved,  highly  reticulated  above,  midrib  depressed 
above,  coriaceous,  1 J  to  4  in.  in  length  by  ^  to  2 J  in.  in  width ;  petioles  -^ — \  in.  in  length. 

<5.  Cymes  3 — 5-flowered,  hairy,  -^ — f  in.  in  length,  crowded  on  young  branches;  pedicels 
very  short,  with  oval  ciliate  caducous  bract  at  base;  flower  ^in.  in  length,  usually  tri- 
merous,  occasionally  tetramerous ;  calyx  campanulate,  dark,  -^  in.  in  height,  with  3  or  rarely 
4  roundly  deltoid  lobes  reaching  about  halfway  down  calyx,  subglabrous;  corolla  3 — 4-fid, 
argenteo-sericeous  outside,  narrowly  urceolate;  stamens  7 — 14,  hypogynous,  equal,  glabrous, 
when  numerous  many  in  pairs,  about  ^  in.  in  length ;  anthers  about  ^  in.  in  length,  nar- 
row ;  ovary  rudimentary,  hairy. 

5 .  Flowers  solitary,  subsessile,  thick,  about  ^  in.  in  length ;  calyx  3-fid,  nearly  hemi- 
spherical, nearly  glabrous  outside;  corolla  urceolate,  3-  or  unequally  4-fid,  silky;  staminodes 
0;  style  scarcely  any;  stigma  3-lobed;  ovary  globular-pointed,  silky,  pale,  3-celled,  cells 
2-ovuled ;  fruit  globular  or  depresso-globular,  \  in.  thick,  glabrate  and  shining ;  fruiting  calyx 
3-celled,  3-seeded,  somewhat  accrescent,  finally  recurved  or  spreading,  covered  inside  with 
dense  furlike  hair,  glabrate  outside,  ^  in.  across. 

Australia,  Cape  York,  Voyage  of  Rattlesnake,  October,  1848,  John  MacgilKvray!  439; 
Mr  Daniel/  March  1868;  Rockingham  Bay,  Ferd.  Mueller!  Dallachy;  Prince  of  Wales  and 
Cumberland  Islands,  B.  Brown/  Nov.  2,  1802,  in  male  flower. 

18.    Maba  compacta,  R.  Br.  Prodr.  p.  628.  n.  7  (1810). 

M.  foliis  ovalibus,  apice  emarginatie  vel  rotundatis,  coriaceis,  ghhris,  retkulatis,  breviter 
petiolatis;  fructibus  solitariis,  svhsessilibus,  sulghbosis,  glabratis,  nitentibus,  S-locular^ms, 
S-spermis ;   calyce  frucUfero  patente  vel  reflexo,  intus  tomentoso,  eoctus  glabro. 

Vol.  Xn.  Pabt  L  16 
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Alph.  DC.ProA  Vlli.  p.  242.  n.  11  (1844) ;  Benth.  M.  Austral.  IV.  p.  290.  n.  6  (1869). 

Baiown  only  in  fruit ;  shrub  4 — 5  feet  high,  erect,  branched ;  shoots  terete,  bark  dark 
dnereous ;  glabrous  except  the  inside  of  the  spreading  or  recurved  calyx.  Leaves  oval, 
suddenly  narrowed  or  rounded  at  base,  emarginate  or  rounded  at  base,  coriaceous,  highly  reti* 
culated,  2 — 4  in.  long  (including  dark  petiole  \ — |  in.  long)  by  1 J — 2J  in.  wide ;  midrib 
depressed  above.  Fruit  subsessile,  solitary,  depresso-globose,  yellow,  about  J  in.  thick,  glabrate 
and  shining,  3-celled,  3-seeded ;  fruiting  calyx  ^  in.  across,  spreading  or  recurved,  densely 
covered  on  reflexed  surface  with  short  furlike  tomentum,  glabrous  outside. 

Differs  from  Maba  reticulata  by  wider  leaves  and  more  spreading  or  reflexed  not 
cupuli-form  fruiting  calyx. 

Australia,  North  Coast  Island,  Feb.  18,  21,  1803,  B.  Brown  I 


19.    Maba  Hillebrandii,  Seem.  Fl.  Vit.  p.  151  (1866). 

Jf.  fcliis  oblongis  vel  ovato-oblongis,  apice  obtusis,  basi  rotundatis  vel  cordatis,  glabris^ 
tenuiter  coriaceis,  supra  crebre  reticvlatis,  breviter  petiolatis;  floribus  solitariis  aesdUbua  basi 
bracteatis,  masculis  S-meriSy  femineis  3 — 4-mem;  staminibv^s  9,  glabris;  frucUbus  oblongis 
subglabratis,  calyce  fructifero  glabro,  lobis  delUndeis, 

Glabrous  except  the  inflorescence;  branches  dark  cinereous.  Leaves  oblong  or  ovate- 
objong,  rounded  or  cordate  at  the  base,  usually  obtuse  at  the  apex,  thinly  coriaceous, 
2 — 6  in.  long  by  1 — 3J  in.  wide ;  veins  except  midrib  in  relief  on  both  sides,  remarkably 
prominent  on  the  upper  side,  reticulated ;  petioles  -^ — ^  in.  long.  Flowers  solitary  sessile 
with  several  imbricated  ciliate  bracts  at  base. 

3.  Flowers  pubescent,  trimerous;  stamens  9,  6  in  3  pairs  alternating  with  the  corol- 
la-lobes and  3  distinct  opposite  the  corolla-lobes,  all  glabrous ;  ovary,  rudimentary, .  hairy. 

5 .  Fruit  oblong,  |  in.  long  by  \ — I  in.  thick,  subglabrate,  somewhat  oblique ;  fruiting 
calyx  \  in.  long  by  | — J  in.  wide  at  apex,  3 — 4-fid,  glabrous ;  lobes  deltoid  acute,  some- 
what spreading. 

Sandwich  Islands,  Mountains,  Oahu,  Ihr  EiUebrandl,  Bemy!  472. 

20.    Maba  elliptica,  J.  K.  et  G.  Forst.  Char.  Gen.  PL  p.  122.  t.  61  (1776). 

M.  foliis  ellipticis  vel  oblongo-lanceolatis,  apice  obtusis,  basi  cuneatis,  svhcoriaceis,  glahres- 
centibus,  breviter  petiolatis;  cymis  axUlaribm,  3 — S-floris,  pubescentibus ;  floribus  trimeris, 
campanvlato'tubulosis ;  staminibus  3  vel  6;  ovario  3-loculari,  pubescente;  Jructibus  ellipsoideis, 
pedv/ncidatis,  pubescentibus. 

J.  K.  et  G.  Forst.  Beschreib.  Gatt.  Pflanz.  edit.  Kemer,  p.  127.  t  xv.  £  61  (1779) ;  Poiret 
in  Lam.  Encycl.  M^th.  Suppl.  iii.  p.  566.  t.  803  (1813) ;  Labill.  Sert.  Austro-Caled.  p.  32.  t  35 
(1824);  Alph.  DC.  Prodr.  vm.  p.  240.  n.  1  (1844);  Ettingsh.  Blatt-skeL  Dikot  p.  90.  t.  40. 
f.  2  (1861) ;  non  Seem.  Fl.  Vit.  p.  152  (1866). 

Ebenus  vulgaris,  Rumph.  Amb.  Vol.  iii.  p.  1.  t.  1  (1750). 

"i  Ebenoxylum  verwm,  Lour.  Fl.  Cochinch.  p.  613  (1790). 
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Maba  Ebenus,  Spreng.  Syst  Veg.  n.  p.  126.  n.  8  (1825),  AlpL  DC.  I.  c.  p.  242.  n.  17, 

Hassk.  Retz.  I.  p.  107  (1855),  non  Wight. 
tMabaf  ebenoxylon,  G.  Don,  Diet  Qard.  and  Bot.  IV.  p.  43.  n.  10  (1837). 
Biospyras  hexasperma,  Hasaelt  ex  Hassk.  PL  Javan.  p.  468.  n.  353  (1848). 

A  shrub  of  6  ft.  or  more  or  a  moderate-sized  tree  or  sometimes  a  lofty  tree ;  branches 
slender,  cinereous,  terete,  rather  rough ;  shoots  hairy ;  glabrescent ;  leaves  elliptical  or  oblong- 
lanceolate,  obtuse  at  apex,  cuneate  at  base,  glabrescent,  subcoriaceous,  IJ — 4i^  in.  long  by 
I — If  in.   wide  ;  petioles  ^ — J  in.  long. 

<J .  Cymes  longer  than  the  petioles,  ^ — J  in.  long  exclusive  of  the  flowers,  pubescent, 
3 — 8-flowered,  crowded  on  the  young  branches ;  common  peduncle  -j^j — J  in.  long ;  bracts 
linear,  small,  caducous;  flowers  trimerous,  ^  in.  long,  campanulate-tubular,  pubescent;  calyx  cam- 
panulate,  i  in.  long,  lobes  deltoid-acute ;  corolla  tubular,  3-fid,  yellowish  white,  lobes  acute,  -^  in. 
long,  rather  patent;  stamens  3  or  6,  hjrpogynous,  glabrous,  distinct;  ovary  rudimentary,  hirsute. 

9 .  Cymes  J — i  in.  long ;  flowers  as  in  <J  ;  staminodes  0 ;  ovary  hairy,  ovoid,  3-  (or 
according  to  Labillardifere  4-  or  by  abortion  2-)  celled;  cells  2-ovuled;  style  short;  stigma 
3  (— 4)-lobed ;  fruit  fleshy,  pedunculate,  crowded,  greenish,  ellipsoidal,  scarcely  1  in.  long 
by  I  in.  thick,  pubescent  or  nearly  glabrous,  2 — 3-celled ;  seeds  triquetrous ;  albumen  car- 
tilaginous; plumule  indistinct;  fruiting  calyx  not  accrescent^  somewhat  spreading,  3-fid, 
\ — J  in.  across;  lobes  deltoid. 

Friendly  Islands,  Forster!,  Capt.  Cook!,  A.  Matthews !  14t4i ;  Navigator's  Islands,  Wilkes/ 
var.  foliis  acuminatis;  Amboina,  Rum/,  Teijsmann!,  Hasskarl;  Jslva,  HasseU;  Cochinchina  (?), 
Loureiro;  New  Caledonia,  LabiUardihre ! ,  VieiUard/  893;  ''Amsterdam  Insula  Oceani  pa- 
cifici"  (=  Tonga  Tabboo,  Friendly  Islands),  J.  R.  and  0.  Forster/.  Called  Maba,  by  the  natives 
in  the  Friendly  Islands,  and  Kiharupat  in  Java.  The  plant  called  AnUme  in  Navigator's  Islands 
(see  Rev.  Thomas  Powell  in  Seemann's  Journal  of  Botany,  Vol.  VL  p.  278,  1868)  may  belong  to 
this  species ;  it  is  eaten  by  children,  and  flowers  in  June  or  July  and  in  January  or  February. 

Difficult  when  young  to  distinguish  from  M.  rufa,  and  approaching  also  M.  buadfolia. 

21.    Maba  sumatrana,  Miq.  PL  Junghuhn.  i.  p.  204  (1851 — 55),  FL  Ned.  Ind.  vol  ii. 

p.  1051,  tab.  XXXVI.  B  (1856). 

M.  foliis  ovato-  vel  ovali-oblongis,  acuminatis,  ba^  rotundatis^  costatis,  suhtus  secus  costas 
hirtelUs;  cymis  m^ascviis  aadllaribus,  mvMfloris;  ccdyce  trilobo;  coroUd  ovoideo-tubtdosd  /  sta- 
minHms  9,  gldbris;  ovarii  rudimsnto  pvhescente, 

A  subferruginous,  pubescent  tree,  about  30  feet  in  height.  Branches  terete.  Leaves 
ovate-  or  ovaJ-oblong,  acuminate,  rounded  at  base;  margins  flat,  dark  green,  and  with  scat- 
tered appressed  long  hairs  on  upper  face;  velutinous.and  subferruginous,  especially  on  veins 
beneath ;  lateral  veins  numerous  (about  8),  plain  beneath ;  petiolate ;  subcoriaceous ;  2J — 4  in. 
in  length  by  j — 1\  in.  in  width ;  petioles  -^ — f  in.  in  length. 

<J .  Cymes  pedunculate,  many-flowered,  f — 1  in.  in  length ;  flower  (in  bud)  \  in.  in 
length,  oblong,  subferruginous,  tomentose ;  calyx  \  in.  in  length,  3-lobed  at  apex ;  corolla 
ovoid-tubular,  with  a  slight  constriction  near  .middle,  3-fid;  lobes  cordate,  sub-acute;  sta- 
mens 9,  6  in  3  pairs,  3  distinct,  glabrous;  anthers  as  long  as  filaments;  ovary  rudimentary, 
hairy. 
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Sumatra,  Dr  Fr.  JimghvJm!  719 ;  in  woods  near  Tobing,  ex  Miq.  in  PL  Jungh.  i.  p.  204; 
Java,  2)6  Vriese! 

MarcreighUa  (mdanumtca,  Kurz  in  Rep.  Veg.  Andam.  L  edit.  ii.  p.  42  (1870),  M.  obhngi" 
folidy  Kurz  t  c.  edit  L  p.  xi.  (1867),  is  said  by  Mr  Kurz  in  Joum.  Asiat.  Soc.  Beng.  voL  XL, 
pt.  ii.  p.  74  (1871)  to  belong  to  Maha  aumatrana,  Miq. ;  it  is  a  dull  dark  green  shrub,  with 
oblong  submembranous  leaves  7 — 8  inches  long  by  2^ — 3  in.  wide,  subcordate  at  base,  and 
robust  petioles  ^  in.  long;  it  was  collected  in  South  Andaman  by  Mr  Kurz!  in  which  island 
he  states  that  it  is  common. 

22.     MABA  YiEILLABDI,  sp.  nOY, 

M.  foUis  obovato-elUpticia,  apice  rotundis  vd  retuais,  bast  cuneatis,  coridceis,  glabris, 
vmdatis,  breviter  peUolatis;  floribus  masculia  brevissime  cymosis,  monstrosis  in  speciminHms ; 
floribus  femineia  goUtariis  breviter  pedwnmUUis;  frvcbSms  glabratisy  cUbido-ptUverulentia,  aub* 
globosisj  calyce  trifido, 

A  tree  of  about  13  feet  high ;  glabrous  or  on  quite  youDg  parts  slightly  pubescent ; 
branches  numerous,  terete,  smooth;  leaves  oval  or  somewhat  obovate,  coriaceous,  alternate, 
rounded  or  somewhat  emarginate  at  apex,  more  or  less  narrowed  at  base,  shining^  of  same 
metallic  lustre  when  dry  and  without  conspicuous  veins  on  each  side,  coriaceous,  1 — 2  in. 
long  by  \ — 1  in.  wide ;  petioles  -^ — \  in.  long,  dark  and  rather  stout ;  wavy  (in  the  dry  state) 
and  with  revolute  margins. 

(J .  Cymes  axillary  on  young  branches,  about  -^  in.  long,  recurved,  puberulous ;  flowers 
about  ^  in.  long,  monstrous  in  the  specimen  {Deplanche,  449)  by  the  stamens  being  petaloid, 
puberulous;  calyx  and  corolla  campanulate,  about  ^  in.  long,  deeply  3-fid;  ovary  0. 

$ .  Fruit  solitary,  on  peduncles  about  \  in.  long,  puberulous  or  glabrate,  subglobose, 
glabrous,  covered  with  white  efflorescence,  nearly  \  in.  in  diameter,  3-celled,  5 — 6-seeded ; 
seeds  about  \  in.  long ;  albumen  scarcely  ruminated,  but  with  slight  sinuous  intrusion  of  the 
rather  thick  testa;  fruiting  calyx,  puberulous  outside,  glabrous  inside,  not  accrescent,  appressed 
to  base  of   r  it,  3-fid,  ^  in.  across. 

New  Caledonia,  VieiUardI  n.  897;  Deplanche!  448  (in  fruit).  449,  Eanala;  Pancherf, 
Iron  Mountains  of  Kanala,  1862. 

The  following  two  species  are  very  imperfectly  known: 

23.    Maba  Andersoni,  Soland.  MSS.  in  Herb.  Mus.  Brit.,  Seem.  Fl.  Vit  p.  152  (1866). 

M.  arborea,  ramis  dnereis  glabria;  foliis  ellipticis,  apice  obtiLsis,  basi  svbrotimdis,  petuh 
latis;  floribu8  pvbescentihua,  avbsessilibus,  masculia  glomeratis;  frwctibua  aolitariia. 

A  tree  with  cinereous  branches,  glabrous  except  the  inflorescence,  apparently  dioecious. 
Leaves  alternate,  elliptical,  obtuse  at  apex,  rounded  or  nearly  so  at  base,  of  uniform  colour, 
with  minute  net-veins,  4f — 6 J  in.  long  by  2| — 3J  in.  wide ;  petioles  about  J  in.  long. 

g{t).    Flowers  subsessile,  clustered  several  together  on  the  young  branches. 

9 .    Fruit  solitary,  subsessile,  with  wide  articulation  at  base  to  the  veiy  short  peduncle. 

Tonga  Islands,  Capt  Gooklj  third  voyage. 

Possibly  identical  with  M,  major,  Forst  The  foliage  is  somewhat  like  that  of  M.  com- 
pacta,  R  Br. 
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24.    ^AHA  MAJOR,  O.  Forst  PL  EscuL  InsuL  Ocean*  Austr.  p.  64,  n,  21  (1786). 

M.  arb&reay  frucUhm  edulibus  bipoUicaribvs,  cetervm  M.  eUipticce  similtbuSf  2 — S-spermia; 
9eminibus  triquetrts. 

Cook,  Voyage  to  the  Pacific  Ocean  in  1776-^0,  edit  iL  p.  393  (1785) ;  Alph.  DC.  Prodr, 
vra.  p.  242.  n.  15  (1844). 

A  tree  known  only  from  its  fruit,  which  is  2  in.  long,  "  roundly  oval,"  like  that  of 
M.  eUiptica  Forst.,  but  three  times  the  size,  tough,  egg-shaped,  and  containing  2  or  3.  trique- 
trous seeds  in  cells.  The  taste  is  insipid,  but  nevertheless  is  used  by  the  natives  of  the 
Friendly  Islands  for  food,  and  is  frequently  planted  near  their  houses;  they  call  it  Maha  or 
Mabba. 

Tongatabu,  Namoka,  E^uwa^  Hapa-i,  and  other  of  the  Friendly  Islands,  Q.  Farater, 
Capt  Cook. 

25.    Maba  Obisebaghii. 

M.  glaucescena,  foliis  roUmdato-  vel  ovali'Ovatis,  apice  spinvhso-apicuiaHs^  coriaceis,  b(m 
rotumdis  vel  subcordcUia,  hreviaaime  petiolatia,  reticulatia;  floribua  femineia  aolitariia,  aonUarilma, 
hreviaaime  pedurhctdtitia,  trimeria;  corollce  lobia  ovcUia,  CLCutia;  ataminodiia  6,  gldbria,  uniaerialU 
hua;  ovario  ovoideo-conico,  hiravto,  apice  glabro,  Q-loctUari,  S-oviUato. 

Macreightia  buadfolia,  Orisebach,  CataL  Plant  Cubens.  p.  169  (1866). 

Pale  glaucescent  shining  stiflF  (shrub?),  with  terete  branches  spreading  at  about  50® — 60*, 
glabrous  except  the  flowers.  Leaves  alternate,  crowded,  rotund,  oval,  or  ovate,  spinulose- 
apiculate,  coriaceous,  rounded  or  subcordate  at  base,  shortly  petiolate,  average  size  ^  in, 
long  (including  petiole  and  apiculus)  by  -^  in.  wide ;  petioles  -^  in.  long  by  ^  in.  wide,  dilatato-* 
Concave ;  veins  reticulated,  in  relief  on  both  sides,  more  conspicuous  on  under-side. 

9 .  Flowers  solitary,  crowded,  in  axils  of  upper  leaves,  shortly  pedunculate,  f  in.  long, 
trimerous ;  peduncle  equalling  or  slightly  exceeding  the  petiole,  hairy ;  calyx  \  in.  long,  thickly 
coriaceous,  covered  outside  with  close  short  pale  hairs  and  inside  with  denser  hair  except 
near  base ;  lobes  |  in.  long,  broadly  ovate,  suddenly  acuminate  at  apex,  with  sides  revolute 
and  sub-auricular  at  base,  somewhat  concave  within  to  make  room  for  the  ovary.  Corolla 
^  in.  long,  hairy  like  the  calyx  outside  except  near  base,  glabrous  inside ;  lobes  ^  in.  long, 
ovate,  acute,  spreading;  tube  triangularly  prismatic.  Staminodes  6,  ^  in.  long,  glabrous, 
nearly  equal,  uniseriate,  inserted  near  base  of  corolla.  Ovary  |  in.  long  (including  style),  ovoid- 
conical,  continuous  with  the  3-lobed  style,  covered  except  at  apex  with  short  dense  pale  hair, 
$-celled,  cells  1-ovuled. 

E.  Cuba,  near  St  Antonio,  Wright!  No.  2938. 

26.  Maba  cABiBifiA. 
Jf.  glavceacena,  fdiia  obovatia,  apice  rotwndatia  vd  emarginatia,  ba^  anguataiia,  coriaceia, 
glabria,  retictdatia,  breuiter  petiolatia ;  floribua  maaculia  hreviaaime  cymoaia,  puleacentibua,  tri-- 
meria,  ataminibua  8 ;  floribua  femineia  aoUtariia,  aeaailibua  vel  breviter  pedtmculatia,  trimeria, 
itaminodiia  3 — 6,  ovario  denae  hirauto,  Gf-hculari,  Q-oimlato;  fructibua  aubgbboaia,  glabria, 
nitentibua;  aJbumine  rtminato. 
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Macreigktia  caribcBa,  Alph.  DC.  Prodr.  vni.  p.  221.  n.  1  (1844),  non  Griseb.  Veg.  Earab. 
Ins.  Quadal.  p.  91.  n.  846  (1857,  ~  Casasia  calophylla  Rich.). 

Tree,  glaucescent,  glabrous  except  very  young  parts  and  flowers,  which  are  pale  fulvous 
and  softly  pubescent ;  branches  making  60^  with  stem.  Leaves  obovate,  rounded  or  emarginate 
at  apex,  somewhat  narrowed  at  base,  coriaceous,  midrib  depressed  above,  glabrous,  plane  but 
margins  reflexed ;  net- veins  very  closely  and  clearly  reticulated,  raised  on  both  sides ;  1| — 3  in. 
in  length  by  | — 1 J  in.  in  width,  rather  paler  beneath ;  petioles  ^  in.  in  length. 

g  ,  Cymes  very  short,  usually  3-flowered,  pubescent,  pale  fulvous;  flowers  narrowly  oval; 
calyx  tubular,  with  3  shortly  deltoid  lobes  at  apex;  corolla  3-64;  glabrous  and  dark  inside; 
stamens  8,  unequal;   ovary  rudimentary,  hairy. 

9 .  Flowers  solitary,  sessile  or  on  peduncles  I — |  in.  in  length,  pubescent,  | — J  in.  in  height ; 
bracts  small,  pubescent ;  calyx  coriaceous,  thick,  with  wide  undulating  diverging  and  auricled 
lobes ;  openly  campanulate,  deeply  3-fid,  |  in.  in  width,  hairy  on  both  sides ;  corolla  3-fid, 
I  in.  long,  lobes  acute,  glabrous  inside,  hairy  outside ;  staminodes  3 — 6,  equal,  inserted  near 
ba«e  of  corolla ;  ovary  densely  hairy,  6  ?-celled,  6-ovuled.  According  to  Grisebach  (Fl.  Br.  W. 
Ind.  p.  404)  the  ovary  is  3-celled,  with  3  other  incomplete  dissepiments  separating  the  gemi- 
nate ovules.  Fruit  squarely  subglobose,  glabrous  and  shining,  orange-coloured,  about  1  in.  in 
diameter ;  fruiting  calyx  nearly  as  wide,  but  not  accrescent,  horizontal ;  lobes  with  replicative 
sinuses;  albumen  deeply  ruminated. 

Cuba,  C.  Wright/  1331,  near  village  called  Monte  Verde,  E.  Cuba;  Bugel,  662;  Haiti, 
C,  Fhrenberg ! ;  Nectouxl;  Antilles!;  " America meridionalis," -BicAard/  in  Hb.  VcM. 

27.    Mara  intricata. 

M.  glaiiceacens,  intricato-ramosa,  foliis  obovatis,  apice  rotundatia,  bast  cuneatis,  coriacei$y 
brevissime  petiolatis;  fructibus  globosis,  glabratis,  undalibus,  breve  pedunculatis,  G-spermis, 
aUmmine  non  ruminato,  ccdyce  fructifero  patente,  trilobo. 

Macreigktia  intricata,  A.  Gray  in  Proceed.  Amer.  Acad.  v.  p.  163  (Jan.  1862). 

Pale  glaucescent  (shrub?),  with  intricate  branches  spreading  at  60® — 80*;  young  parts 
weakly  and  appressedly  pubescent  Leaves  obovate,  cuneate  at  base,  rounded  at  apex,  few- 
yeined,  appressedly  and  inconspicuously  pubescent  on  midrib  and  beneath,  about  1  in.  long 
by  i  in.  wide ;  coriaceous ;  petioles  very  short.  Fruiting  peduncles  arching-reflexed,  \ — J  in. 
long,  tough,  glabrous,  solitary ;  fruiting  calyx  flat,  J  in.  in  diameter,  covered  with  very  short 
inconspicuous  and  weak  pale  hairs,  with  3  rounded  lobes,  \  in.  long,  reflexed  at  tip ;  fruit 
of  bright  orange  colour,  glabrate,  globular,  about  1  in.  in  diameter,  6-seeded ;  albumen  not 
ruminated. 

Lower  California,  Cape  St  Lucas,  &c.,  Xantus!  68,  Aug.  1859 — Jan.  1860. 

28.    Maba  albens. 

M.  foliis  obovato-oblongis,  utrinque  angustatis,  confertis,  molliter  pubervlis,  svbtus  aJhenti- 
bus,  svicoriaceis,  breviter  petiolatia;  fioribua  muscvlis  3-nw,  brevissime  cymosis,  3 — 4 — 5-mem; 
staminihus  12 — 11,  gldbris;  ovarii  rudimento  pvhescenU. 
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Diospyros  cUhens,  Presl,  Reliq.  Haenk.  ii.  p.  62  (1835-6). 

Macreightia  cUbena,  Alph.  DC.  Prodr.  vill.  p.  221.  n.  2  (1844) ;  Ettingsh.  Blatt-skel.  Dikot. 
p.  89.  t.  38.  f.  11  (1861). 

A  shrub  or  tree  with  pallid  or  cinereous  bark  and  dull  leaves ;  branches  terete,  glabrescent ; 
young  parts  pubescent;  leaves  obovate-oblong  or  lanceolate,  more  or  less  narrowed  at  both 
ends,  crowded,  softly  puberulous,  dull  green  above,  paler  beneath  and  with  minute  scales, 
subcoriaceous,  midrib  slightly  depressed  beneath,  veins  slender ;  1 J — 3  in.  long  by  | — 1^  in. 
wide ;  petiole  jV^i  ^^  ^^^S- 

g  .  Flowers  arranged  on  short  {t^ — J  in.  long)  pubescent  3-flowered  cymes,  which  grow 
on  the  youngest  shoots ;  |  in.  long  by  i  in.  wide ;  calyx  campanulate  or  ovoid,  J  in.  long  by 
J  in.  wide,  unequally  3-fid  (occasionally  4 — 5-fid  with  lanceolate  lobes),  pubescent  on  both  sides; 
lobes  usually  ovate;  corolla  shortly  3 — 4-lobed,  urceolate-oblong,  pubescent  outside,  glabrous 
inside,  lobes  oblique,  imbricated  sinistrorsely ;  stamens  12—11  (6  filaments,  2  together  ex  Presl 
L  c.)  all  or  some  inserted  at  the  base  of  the  corolla,  glabrous ;  ovary  rudimentary,  pubescent. 

Flowers  in  June. 

Mexico,  Acapulco,  Presl,  Haenke!  47;  Soledad,  Dr  Wawral  168. 

29.    Maba  inconstans,  Grisebach,  Fl.  Brit  W.  Ind.  p.  404  (1864). 

M.  foliis  oblongO'Obovatis  vel  oblmigis,  apice  obtusis,  basi  angustaUs,  aubglabris  vd  sub- 
tomentosis,  tenuiter  reticulatis,  suicoriaceis,  interdum  minute  pelluddo-punctatis,  breviter  peti- 
olatis;  flarihua  masculis  breviter  cymosis^  3 — ii-meris;  staminibus  6 — 12,  swpius  9,  inoequalibua, 
gloibris ;  floribiis  femineis  svibsolitariis,  3 — (4-)mem;  staminodiis  3 — 4;  ovario  hireuto,  Q-locu- 
lari ;  fructibus  solitariis,  Q-locularibtis,  depresso-^lobosis,  sviglabratis ;  seminibus  obkmgis;  albu' 
mine  non  ruminato. 

Macreightia  inconstans,  Alpb.  DC.  Prodr.  viii.  p.  221.  n.  6  (1844). 

Diospyros  inconstans,  Jacq.  Amer.  p.  276,  t.  174.  f.  67  (1763). 

Macreightia  conduplicata,  Alph.  DC.  Prodr.  Vlii.  p.  221.  n.  5  (1844). 

Diospyros  conduplicata,  Kunth  in  Humb.  et  Bonpl.  Nov.  Gen.  iii.  p.  254  (1818). 

Diospyros  Berterii,  Alph.  DC.  Prodr.  viii.  p.  234.  n.  61  (1844). 

Diospyros  obtusifolia,  Bert  in  Alph.  DC.  h  c,  non  Humb.  et  BonpL 

Macreightia  obovata,  Mart  in  Fl.  Bras.  vil.  Eben.  p.  9.  t  2.  f.  3  (1856). 

Macreightia  psidioides,  Alph.  DC.  Prodr.  VIIL  p.  221.  n.  4  (1844). 

Diospyros  psidioides,  Kunth  in  Humb.  et  Bonpl.  Nov.  Gen.  iii.  p.  254  (1818). 

A  moderate-sized  dioecious  (monoecious,  according  to  Jacquin)  tree  or  shrub,  with  young  ' 
parts  and  inflorescence  fulvo-  or  ferruginous-pubescent,  more  or  less  glabrescent  Leaves  alter- 
nate, oblong-obovate  or  oblong,  subglabrous  or  subtomentose-pubescent,  reticulated,  subcoria- 
ceous, somewhat  narrowed  at  base,  and  more  or  less  pointed  or  obtuse  at  apex;  sometimes 
minutely  pellucid-punctate;  margins  just  recurved,  If — 6  in.  long,  | — 2J  in.  wide;  midrib 
depressed  above ;  petioles  | — i  in.  long ;  cymes  short,  drooping,  3-flowered  or  3-several-flowered 
in  male  plants,  ^ — J — J  in.  long;  bracts  small,  caducous,  acute,  ovate  or  lanceolate  or  obovate- 
oblong. 

S  .  Flowers  -^j — |  in.  long,  3 — 4-  (usually  3-)  -merous,  campanulate-oblong ;  calyx  r^ — J  in. 
long,  campanulate,  pubescent;  lobes  ovate,  somewhat  spreading,  about  equalling  the  tube  or 
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exceeding  it ;  corolla  glabrous  (villous,  according  to  Jacquin)  within,  pubescent  outside,  conical 
at  apex  in  bud;  lobes  ovate-lanceolate,  about  equalling  the  tube;  stamens  6 — 12,  usually  9 
(3 — 10,  according  to  Jacquin),  unequal,  either  distinct  or  in  pairs  or  3  together,  inserted  at 
base  of  corolla  or  partly  hypogynous,  glabrous;  ovary  abortive;  receptacle  hairy. 

5 .  Cymes  soon  becoming  1-flowered  by  lapse  of  the  lateral  flowers,  ^^j — J  in.  long. 
Calyx  openly  campanulate,  3-  (4-)fid,  with  rounded  lobes,  about  ^  in.  across,  puberulous  out- 
side, tomentose  inside ;  corolla  widened  below,  the  lobes  extending  only  J  way  down,  densely 
ferruginous-pubescent  outside;  staminodes  glabrous,  (in  one  flower)  4,  2  being  distinct  and  2 
combined  by  their  filaments ;  in  another  flower  3,  alternating  with  the  coroUarlobes ;  ovary 
6-celled,  6-ovuled,  -^  in.  high,  covered  outside  with  short  appressed  drab  hairs ;  style  simple, 
columnar,  ^  in.  high,  trifid  at  apex,  hairy  at  base ;  stigmas  punctiform ;  fruit  solitary,  6-celled, 
yellowish,  with  black  bitter  pulp,  depresso-globose,  subsessile  or  shortly  stalked,  | — |  in.  thick, 
subglabrate  and  shining ;  fruiting  calyx  about  f  in.  in  diameter,  refiexed  or  nearly  flat,  with 
3  (4)  rounded  or  bifid  lobes,  tube  thickened  within ;  seeds  oblong ;  albumen  not  ruminated. 

The  following  varieties  may  be  noticed : 

a,    ohovata.    A  tree  or  shrub  with  obovate-oblong  leaves. 

fi,  granatensia,  A  shrub  with  oblong  leavea  Occasionally  the  leaves  are  conduplicate 
(in  the  dry  state). 

Flowers  in  February,  July,  and  September. 

S.America,  St  Vincent,  Guilding ! ;  Martinique,  PMe!  762;  New  Granada,  Carthagena, 
Jacquin,  Triana!  2613;  Sabanilla,  Karsten! ;  S^  Martha,  Furdie!  Ooudot!  No.  1;  Guayaquil, 
Bmpland!  3846;  Brazil,  Pohl!  1980,  Selb!  1211,  1689,  2301;  Rio  Janeiro,  Gaudichaud!; 
Minas  Geraes,  WeddeU! ;  Dr  Begnell!  iii.  1516. 


80.     MABA  ACAPULCENSia 

M,  foliis  obavato-lanceolatta,  apice  acutis,  bad  cuneatis,  utrinque  hirteUia,  subtua  mbcanea^ 
centibuSy  reiiculatiSf  submembranaceis,  petiolatis;  fructibua  solitariis,  svJbsessilibua,  subglobosiSf 
vfficiaMbua;  calyce  fructifero  patente,  profunde  3-fido;  albumine  non  ruminato. 

Macreigktia  acapvlceneis,  Alph.  DC.  Prodr.  viii.  p.  221.  n.  3  (1844),  excL  Syn.  Diospyros 
salicifolia. 

Diospyros  acapuhensis,  Kunth  in  Humb.  et  Bonpl.  Nov.  Gen.  iii.  p.  254  (1818). 

Terminal  buds  oblong,  sericeous-tomentose ;  the  axillary  ones  smaller,  pubescent;  shoots 
glabrous,  dark-cinereous,  smooth;  leaves  obovate-lanceolate,  acute,  cuneate  at  the  base,  hir- 
tellous  on  both  sides,  especially  beneath  where  they  are  subcanescent,  reticulato-venose,  mem- 
branous, 2^  in.  long  or  more,  by  about  f  irL  wide,  petiolate ;  firuit  solitary,  subsessile,  sub- 
globose,  1  in.  in  diameter ;  fruiting  calyx  flat,  nearly  1  in.  across,  deeply  3-fid ;  lobes  widely 
ovate,  felted  inside,  puberulous  outside ;  albumen  not  ruminated ;  cotyledons  oblong,  rather 
obtuse,  double  the  length  of  the  radicle. 

Mexico,  Acapulco,  Bonpland  ! 
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31.    Maba  samcifolia. 

M,  ramis  teretibua  cinereis,  junioribtis  pvhescentibtis ;  foliia  Ic^nceolcUo-ohlongis,  utrinqtie 
angustatis,  apice  obttoiSf  coriaceis,  supra  gldbrescenttbusy  svhtus  pubescentilms,  bremter  petich 
latis,  nervis  inconspicuia ;  fructihus  aolitariis,  globoais,  glabris,  breviter  pedimculatis ;  calyce 
fructifero  trifido,  utrinque  puhervlo,  appresso. 

Diospyros  salici/olia,  Humb.  et  BonpL  e^  Willd.  Sp.  PL  IV.  p.  1112.  n,  18  (1805) ;  Hb. 
WiUcL  n.  19250. 

Toung  leaves  and  shoots  pubescent ;  bmnches  cinereous,  terete.  Leaves  lanceolate-oblongs 
narrowed  at  both  ends,  obtuse  at  apex,  glabrescent  above,  coriaceous,  with  inconspicuous 
veins,  about  2^  in.  long  by  |  in.  wide ;  petioles  i  in.  long,  puberulous.  Fruit  solitary,  globose, 
glabrous,  shining,  of  a  pale  orange  colour,  about  1^  in.  in  diameter;  peduncles  ^  in.  long, 
stout,  puberulous;  calyx  3-fid,  appressed  to  base  of  firuit,  puberulous  on  both  sides,  about 
1  in.  across,  lobes  semi-elliptical,  with  obscure  parallel  veins. 

Equatorial  America,  Humboldt  and  Bonpland! 

Alph.  De  Candolle  unites  this  species  with  M.  acaptdcensis,  but  the  foliage  is  sufficiently 
different. 

32.    Maba  Pavonii 

M,  foliia  ovalibus,  apice  acutis,  ba^  obiusis,  supra  subglabris,  subtus  veluitinis,  subcoria- 
eeis,  breviter  petiolatis;  floribus  masculis  cymosis,  brevissime  pedicellatis,  S-meris,  puhescenti- 
bus;  floribus  femineia  solitariis,  breviter  pedv/rumlatis. 

Macreightia  Pavonii,  Alph.  DC.  Prodr.  Viii.  p.  222.  n.  7  (1844). 

Branches  puberulous.  Leaves  oval,  acute  at  apex,  rather  glabrous  above,  velutinous  and 
paler  beneath  and  on  the  petioles,  5 — 6  in.  long  by  2f  in.  wide ;  midrib  puberulous  above, 
thinly  subcoriaceous ;  petioles  ^  in.  long. 

^.  Flowers  }  in.  long,  sevei*al  together  on  axillary  fulvo-tomentose  pedimcles  which  are 
about  i  in.  long;  pedicels  scarcely  ^  in.  long.  Calyx  \  in.  long,  ovoid,  hairy  on  both  sides; 
lobes  ovate,  acute.  Corolla  fulvo-sericeous  outside  except  at  base,  glabrous  outside,  twice  the 
length  of  the  calyx. 

9.  Flowers  solitary,  -ft  in.  long;  peduncles  Jin.  long;  calyx  deeply  3-fid;  lobes  oval, 
submucronate. 

Local  name  Orlaoa.    Peru  (?)  or  Mexico  (?)  ex  Alph.  DC,  PavonI 

33.    Maba  Mannu,  sp.  nov. 

M.  glabrescens,  foliis  ovaUbus,  apice  obtuaia,  6a«t  rotundatia  vel  parum  anguatatia,  aubco- 
riaceia,  breviter  petiolatia  ;  floribm  maaculia  3-ni9,  breviaaime  cymoaia,  trimeria,  ataminHma  6 — 9, 
leviteT  hirautia,  baai  coroUm  inaerUa;  ovarii  rudimento  hirauto;  fructiiua  aolitariia,  aubaeaailUma, 
aubgloboaia,  ghbratia,  5 — Q4ooularibua ;  calyce  parvo,  patente,  lemter  puberuio;  aeminibua  5 — 6, 
albumine  ruminato. 

A  small  tree,  growing  by  rivers;  glabrescent,  dark  when  dried;  branches  terete,  erect- 
patent  Leaves  oval,  browner  beneath,  subcoriaceous,  spreading,  midrib  and  lateral  veins 
Vol.  XII.  Pabt  I.  17 
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clear,  raised  beneath,  depressed  above,  3  to  5  in.  in  length  by  1|  to  2|  in.  in  width ;  petioles 
-f^ — J  in.  in  length ;  flowers  subsessile. 

S.  Cymes  very  short,  very  slightly  pubescent,  dark,  3-flowered,  thick.  Flower  trimerous, 
I — I  in,  in  length,  slightly  hairy,  white  when  living,  dark  when  dry.  Calyx  ciliate  and 
slightly  hairy,  ^  in.  in  height,  with  3  rounded  lobes  about  ^  in.  in  length,  campanulate,  not 
appressed  to  corolla,  not  accrescent ;  corolla  tubular,  glabrous,  3-lobed  near  apex ;  lobes  J  of 
the  depth  of  the  corolla,  rounded.  Stamens  8  (6 — 9),  linear,  acute,  somewhat  hairy,  inserted 
at  base  of  corolla,  in  2  series  (6  in  outer  series).     Ovary  rudimentary,  hairy. 

9 .  Fruit  glabrous,  of  bright  orange  colour  when  ripe  (glabrescent),  sub-globose,  ob- 
scurely 5 — 6-sided,  (5-)  6-celled,  5 — 6-seeded,  nearly  1  in.  in  diameter.  Fruiting  calyx  hori- 
zontal, small,  ^  in.  across,  faintly  puberulous ;  albumen  ruminated. 

Flowers  in  April,  near  the  Equator,  West  Africa,  Niger  Expedition,  Barter!  1220; 
Bagroo  River,  Mann!   839;  Quorra,  Vogel! 

34.    Maba  Seychellabuic,  sp.  nov. 

M.  JriUicoaa,  foliis  anguste  ellipticis,  apice  obtusis,  glabris,  svbcoriaceis,  disHchis,  svbaeasi" 
lihus ;  jlorihus  femineis  solitariis,  auhaessilxbus,  ptibescentibiLS,  trimeris,  calyce  breviter  S-lobOf 
staminodiis  3 — 6,  glabris,  basi  coroUce  inaertis,  ovario  ovoideo,  S-lociUari,  loculis  Movulatis,  stylo 
apice  8'lobo;  fructibus  ellipsoideis,  ghhris;  calyce  fructifero  cupuliformi,  appresso;  sendnibus 
solitariis,  aUmmine  non  ruminato. 

Shrub  10 — 12  ft.  high ;  branches  dark-cinereous,  terete,  at  35^  with  short  patent  hairs 
at  extremities,  glabrescent;  terminal  bud  with  light  brown  pubescence.  Leaves  narrowly, 
elliptical,  obtuse  or  notched  at  apex,  slightly  narrowed  at  base,  subsessile,  distichous,  somewhat 
convex  from  above  in  dried  state;  midrib  depressed  above,  other  veins  inconspicuous;  sub- 
coriaceous,  glabrous,  1  to  2  in.  in  length  by  J  to  ^  in,  in  width ;  intemodes  ^  to  J  in,  in 
length. 

9 .  Flowers  solitary,  subsessile,  with  light  brown  pubescence,  ^  in.  long.  Calyx  campanu- 
late, ^  in,  long,  with  3  shallow  depresso-deltoid  apiculate  lobes,  pilose  outside,  glabrous  within. 
Corolla  3-lobed,  divided  more  than  half-way  down,  hairy  outside  except  near  base,  glabrous 
inside ;  lobes  obtuse,  imbricated.  Staminodes  3  or  6,  glabrous,  inserted  at  base  of  corolla-tube. 
Ovary  ovoid,  glabrous  except  near  apex  or  pubescent  all  over,  3-celled,  cells  2-ovuled  Style 
erect,  3-lobed  at  apex,  hairy  except  at  apex.  Fruit  glabrous,  ovoid,  pallid,  rather  more  than 
I  in.  long  by  rather  more  than  ^  in.  thick,  1  (?)-8eeded.  Albumen  not  ruminated,  white ;  fruit- 
ing calyx  3-comered,  shortly  cup-shaped,  about  ^  in.  high  by  J  in.  wide. 

Seychelles  I.,  PervilW/  36,  mountains  near  the  cascade;  Mah^  13  Febr.  1840. 

A  specimen  with  similar  foliage  but  rather  more  slender  branches  and  peduncles  (spines?) 
I — J  in.  long  without  flowers  may  belong  here.    Seychelles,  Boivin !    Mah^.  * 

Fruit  subsessile,  solitary,  axillary,  ellipsoidal,  \ — \  in.  long  by  \ — \  in.  thick,  of  a  pale 
colour,  shining,  glabroils  except  at  the  apex  where  the  remains  of  the  hairy  style  project; 
fruiting  calyx  pubescent  or  glabrescent,  cup-shaped,  appressed  to  base  of  fruit,  3-lobed  usually 
with  short  depresso-deltoid  lobes,  -^ — \m.  high;  fruit  1-celled,  1-seeded;  seed  rather  more 
than  \  in.  long  (in  one  case)  by  \  in.  thick ;  albumen  not  ruminated,  bony.  Seychelles,  Dr 
Fercival  Wright/  1867,  30  May— 23  Nov.,  n.  122. 
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35.    Maba  lanceolata. 

M.  foliia  lanceoUUis  vel  ovato-lanceolatia,  utrinqw  dctdis,  ghbriSy  coriaoeis,  bremter  petw- 
Itxtis ;  Jhribus  masculis  1 — S-nis,  seasilibus,  hasi  bracteatia,  bracteia  imhricatia,  calyce  hirsuto, 
breviier  8-lobo,  corolld  3 — 4-2oM,  staminibus  24 — 32,  glahris,  basi  coroUm  insertis;  floribus 
femineia  bremmme  pedunculatiSy  ovario  gldbro,  ghboao,  S-locviari^  hcuKs  biowlatis;  fructibvs 
ovaideiSy  glabria,  nitidis. 

Dio8pyro8  lanceolata,  Poir.  Encycl.  MdtL  V.  p.  434  (1804) ;  Alph.  DC.  Prodr.  vili.  p.  236. 
n.  69  (1844);  non  WaU. 

A  tree ;  with  glabrons,  lanceolate  or  ovate-lanceolate  leaves,  acute  at  both  ends,  especially 
at  the  apex,  coriaceous,  in  the  dry  state  brown  on  both  sides,  IJ — 2f  in.  long  by  | — 1^  in. 
wide ;  petioles  spreading,  \ — ^  in.  long ;  veins  confluent  at  the  margin,  shining  above ; 
margins  recurved. 

<J.  Flowers  1 — 3  together,  sessile,  ovoid,  acute  in  bud,  1 J  in.  long;  surrounded  at  the 
base  by  7  imbricated  rounded  ciliolated  unequal  coriaceous  bracts,  glabrous  except  at  margin, 
the  inferior  ones  veiy  short.  Calyx  nearly  \  in.  long,  densely  hirsute,  ferruginous,  shortly 
3-lobedy  3-cornered,  campanulate  in  flower  (spreading  in  fruit  much  less  hairy  and  \  in. 
across).  Corolla  glabrous  but  with  broad  hairy  patches  outside  lobes,  \ — ^  in.  long,  deeply 
3 — 4-lobed;  lobes  oblong,  emarginate,  spreading  and  recurved.  Stamens  24 — 32,  glabrous, 
inserted  at  base  of  corolla,  the  outer  ones  shorter;  filaments  short.     Ovary  wanting. 

9.  Peduncles  very  short,  recurved;  calyx  urceolate,  shortly  3-lobed,  not  accrescent; 
corolla  narrowed  at  the  throat,  deeply  3 — 4-(?)  lobed;  staminodes  ...;  ovary  quite  glabrous, 
shining,  spherical,  3-celled ;  cells  2-ovuled  with  imperfect  septa  in  middle;  style  3-lobed,  erect; 
fruit  ovoid,  glabrous,  shining. 

Madagascar,  Commersonl 

The  leaf  described  and  figured  by  Ettingshaueen  in  Blatt-skel.  Dikot  p.  89.  t.  37.  fig.  12 
(1861)  is  decidedly  larger  than  in  the  specimens  that  I  have  seen  of  this  species;  it  pro- 
bably belonged  to  a  difierent  species. 

36.    Maba  natalensis,  Harv.  Thes.  Cap.  n.  p.  7.  t.  110  (1863). 

Jf.  fruticosa,  ramis  gradlibas  patentibvs ;  folvis  ovaiibtis,  obtusis,  glahris,  supra  nitentibus, 
subtus  paJUdioribua,  breviter  petiolatis ;  Jloribus  femineis  aolitariia,  brevissime  pedunculatis ; 
calyce  cupiUiformi,  glabra,  integro;  corolld  trilobd,  eatvs  sericed;  staminodiie  6 — 9,  glabris, 
wiiserialibtis ;  ovario  conico,  glabro,  S-loculari,  loculia  bi-ovulatis. 

A  quickly  glabrescent  shrub;  branches  pale,  slender,  spreading  at  60^ — 65^;  shoots 
flexuous,  puberulous.  Leaves  oval,  obtuse  or  mucronate  at  apex,  submembranous,  flat, 
I — 1  in.  in  length  by  I — ^  in.  in  width,  veins  delicate  and  inconspicuous,  shining  and  dark 
green  above,  paler  beneath ;  petioles  ^j — f^  in.  in  length. 

9 .  Flower  solitary,  axillary,  very  shortly  pedunculate,  ^  in.  in  length ;  peduncle  ^g — ^  in. 
in  length.  Calyx  ^  in.  in  length,  truncate,  entire,  dark  green,  glabrous,  semi-ellipsoidaL 
Corolla  -^  in.  in  length,  argenteous-sericeous  outside,  3-lobed ;  lobes  -^  in.  in  depth,  diverging,  ob- 
long, acute.    Staminodes  6 — 9,  free,  uniseriate,  ^  in.  in  length,  glabrous.     Ovary  conical,  drab, 

17—2 


Digitized  by 


Google 


132  Me  HIERN,  on  EBENACELE. 

glabrous,  terminated  by  a  style  3-lobed  at  the  apex,  3-celled,  cells  bi-ovuled;  style  as  long 
as  ovary,  glabrous.  Fruit  ellipsoidal,  glabrous,  of  pale  chestnut  colour,  J  in.  in  height  by  ^  in. 
in  width ;  style  persistent ;  fruiting  calyx  not  increased  in  height,  hemispherical,  like  an 
acorn-cup,  1-seeded. 

a  Africa,  Natal,  W.  T.  Oerrardl  110;  D'Urban,  Macken/  675. 


37.  Maba  ABTssmiCA,  sp.  nov. 

M.  fniticoaa,  foliis  lanceolato-oblongis,  plerumque  apice  obtusis  et  bast  rotimdatis,  glabris, 
Bubcoriaceis,  planis,  breviter  petiolatisy  nervis  inconspicuis ;  Jhribus  masculis  aubseaailUms, 
aggregatia,  3 — irmeriSt  calyce  laxo,  lobis  rotundatia  dliatis,  coroUd  glabra,  staminibua  cirdter 
14,  glahris ;  floribiLS  femineia  3 — 5-nw,  aggregatis,  brevissime  pedicellatis,  3 — 5-  saspius  S-me- 
ris,  calyce  campanulato,  non  a^ccreacente,  corolld  glabrd,  aperte  campanidatd ;  ataminodiia  3 — 4, 
glahria;  ovario  ovoideo,  glabro,  Q-loculari,  loculia  uni-ovtUatia,  atylo  apice  S-hbo ;  fructilyaa 
gUtbria,  avigloboaia;  aeminibus  aoUtariia,  aJimmine  non  ruminato. 

A  large  shrub,  glabrous  except  the  inflorescence;  shoots  dark,  terete.  Leaves  lanceo- 
late-oblong,  obtuse  and  often  somewhat  acuminate  at  apex,  more  or  less  narrowed  at  base, 
subcoriaceous,  flat,  of  the  same  dull  colour  on  each  face,  somewhat  shining  above,  patent  or 
erect-patent,  2 — 6  in.  long  by  J — If  in.  wide;  petioles  i — J  in.  long;  midrib  slightly  depressed 
above,  veins  inconspicuous.  Bracts  pubescent,  small,  caducous;  flowers  subsessile,  clustered, 
axillary;  flowers  mostly  trimerous,  sometimes  4 — 5-meroua 

<5.  Flowers  in.  long;  caljrx  ^  in.  long,  lax,  usually  3-fid,  lobes  rounded,  minutely 
ciliate;  corolla  widely  campanulate,  glabrous,  3 — 4-fid,  lobes  rounded;  stamens  about  14v 
glabrous,  appearing  at  the  mouth  of  the  open  corolla,  mostly  in  pairs,  inserted  at  the  base 
of  the  corolla,  filaments  short ;   ovary  rudimentary,  glabrous. 

9  .  Flowers  3 — 6  together,  on  very  short  puberulous  pedicels,  I — J  in.  long ;  calyx  J  in. 
long,  or  after  the  fall  of  the  corolla  about  J  in.  long,  glabrous  or  margins  of  the  lobes 
minutely  ciliate,  deeply  3—5-  usually  3-lobed,  campanulate,  lobes  wide  or  cordate  at  base, 
J  in.  long ;  coi-oUa  glabrous,  openly  campanulate,  deeply  3 — 5-lobed,  not  always  isomerous 
with  the  calyx,  lobes  spreading  or  recurved,  oval-ovate,  obtuse;  staminodes  3 — 4,  glabrous, 
alternate  with  the  lobes  of  the  corolla;  ovary  glabrous,  ovoid,  conical  at  apex,  6-celled,  cells 
1-ovuled ;  style  thick,  3-lobed  at  apex ;  fruiting  calyx  lax,  not  accrescent ;  fruit  glabrous,  sub- 
globose,  shining,  of  dark  coppery  colour,  r^ — |  in.  long  by  J — J  in.  thick,  1 — few-seeded, 
bearing  remains  of  style  at  apex ;  albumen  of  seeds  cartilaginous,  not  ruminated. 

Abyssinia,  on  the  sides  of  the  valley  of  Bellagass  near  Loegga,  5000  feet  altitude, 
Whimper/  1854,  n,  1080;  Sila  5000— 6000  feet  altitude,  Schimper!  1854,  n.  1334;  Keren, 
bank  of  river,  Beccari !  n.  55,  May,  1870. 

38.  Maba  quiloensis,  sp.  nov. 

M.  glah^eacens,  foliia  ellipticia^  apice  obticaia,  baai  avbcordaUa^  avhrnemhranaceia,  breviter 
petiolatis,  nervia  lateralibiba  inconapicuia  ;  floribua  femineia  avbaeaailibiLa,  aub-S^ia,  calyce  trilobo, 
vvario  glabro,  ovoideo-conico,  6-focuZan,  loculia  uni-omUatia,  atylo  apice  trilobo,  glabro,  caly^ 
cem  auperante. 
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Glabrous  shrub;  branches  terete,  at  about  60^  argenteous-cinereous,  except  vhen  very 
young  and  then  they  become  blackish  in  the  dried  state.  Leaves  alternate,  elliptical,  dark, 
without  conspicuous  lateral  veins,  submembranous,  obtuse  or  rounded  at  apex,  usually  sub- 
cordate  at  base,  1  to  2  in.  in  length  by  J  to  1  in,  in  width ;  petioles  scarcely  ^  in.  in  length. 

5 .  Flowers  subsessile,  about  3  together,  dark  when  dry ;  calyx  ^  in.  in  height,  with 
3  ovate  diverging  lobes  extending  §  down  the  calyx;  corolla  fallen  from  specimens;  ovary 
glabrous,  ovoid-conical,  6-celled,  cells  1-ovuled;  style  3-lobed  at  apex,  glabrous,  higher  than 
the  calyx. 

East  Tropical  Africa,  Quiloa,  Dr  Kirk/  Fl.  Zangueb.  n.  110,  10  January,  1867. 

39.    Mara  miceantha. 

M.  foliis  eUipticis  veLoblongis,  basi  attermatis,  apice  obtuse  acuminatis,  glabris,  coriaceis, 
petiolatis;  floribiLS  femineis  solitariis,  sessilibm^  dxiUaribics;  calyce  tubiUoso,  Integra,  truncato, 
in  aquamis  paucia  bifariis  imbricatM  insidente ;  coroUd  tvhulosd,  trifidd,  qtiam  calyce  triplo  lon- 
giore,  lobis  ovatis  obttLsis  patentibua ;  staminodiig' 6,  basi  coroUce  insertis;  ovario  hemisphcerico, 
glabrOy  6-loculari;   locuUs  uni-ovalatis ;  stylis  3,  erectis. 

HohchUus  micranthuSy  Dalz.  in  Kew  Jour.  Bot.  IV.  p.  291  (1852),  Dalz.  et  Gibs.  Bomb. 
Fl.  p.  142  (1861). 

A  middle-sized  tree.  Leaves  elliptical  or  oblong,  attenuate  at  base,  obtusely  acuminate 
at  apex,  coriaceous,  glabrous,  4 — 5  in.  long  by  2  in.  wide;  petioles  |  in.  long.  Flowers  dioe- 
cious ;    ^  flowers  unknown. 

? .  Flowers  J  in.  long,  white,  solitary,  sessile,  axillary ;  calyx  tubular,  entire,  truncate, 
placed  among  a  few  bifarious  scales ;  corolla  tubular,  3  times  the  length  of  the  calyx,  3-lobed 
nearly  to  the  middle;  lobes  ovate,  obtuse,  spreading.  Staminodes  6,  inserted  at  the  base  of 
the  corolla-tube,  distinct,  filaments  double  of  the  length  of  the  barren  anthers;  styles  3, 
erect,  rather  thick,  obtuse  at  the  apex ;  ovary  hemispherical,  glabrous,  6-celled ;  ovules  solitary. 
Fruit  cylindric-oblong,  supported  at  the  base  by  the  accrescent  truncate  calyx,  dry,  hard, 
1  in.  long,  6-celled ;  seeds  solitary. 

In  the  Syhadra  hills,  on  the  Southern  Ghauts,  Bombay.  Flowers  in  February  and 
March,  Dalzell. 

40.    Maba  lamponga,  Miq.  FL  Ind.  Bat.  SuppL  I.  n.  1179*  p.  584  (1860). 

if.  foliis  obova^oblongis  vel  eUipticis,  apice  rotwndatis  retusis,  basi  angvstatis,  glabres- 
centHms,  coriaceis,  breviter  petiolatis,  venis  inconspicuis ;  floribus  masculis  (monstrosis  in  ape- 
dminibus?)  axiUaribus  supra-^ixiUaribus  et  lateralibus,  paniculatis  fasdculatis  umbeUatis  vel 
interdum  solitariis ;  florihus  femineis  solitariis,  subsessilibus  vel  breviter  pedunculaMs,  aociUa- 
ribvs,  calyce  tridentato,  coroUd  subcampanulatd,  lobis  elliptico-oblongis,  acuminatis,  ovario 
ovoideo,  glabro,  stylo  brevissimo,  stigmatilms  3,  patentibus. 

Buds  velutinous.  Leaves  minutely  and  appressedly  downy  when  young,  quickly  glabres- 
cent,  obovate-oblong  or  elliptical,  acute  or  sub-cuneate  at  the  base,  in  most  cases  widely 
rounded  and  retuse  at  the  apex,  coriaceous,  rather  shining,  griseo-pallid  when  dry,  nearly 
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veinless,  but  with  slender  net-veins  when  old,  3^ — 2  in.  long ;  petioles  short,  sub-trigonous. 
Flowers  dioecious? 

g.  Flowers  (all  monstrous?)  axillary  supra-axillary  and  lateral,  sometimes  in  short 
panicles,  at  other  times  fascicled  or  umbelled,  occasionally  solitary,  pedicelled;  corolla  repre* 
sented  by  3  ovate  scales  united  at  the  base,  alternating  with  the  calyx-teeth,  pubescent; 
moreover  there  are  placed  inside  numerous  narrower  scales  (monstrous  stamens?)  in  several 
series,  free  or  united  in  pairs,  more  or  leas  hairy  at  the  back,  plainly  imbricated 

?.  Mowers  solitary,  subsessile  or  shortly  pedunculate,  axillary;  calyx  coriaceous,  cupu- 
liform-globose,  tridentate;  teeth  triangular  acute,  appressedly  downy  outside;  tube  of  the 
corolla  short,  subcampanulate,  glabrous  as  high  as  the  calyx ;  lobes  elliptic-oblong,  acuminate, 
densely  hirsute  along  the  middle  of  the  back.  Ovary  ovoid,  glabrous;  style  very  short, 
thick,  stigmas  3,  spreading,  canaliculate  in  front. 

South  Sumatra  in  prov.  Lampong;  on  sea  coast.     Teyamann. 

41.    Mabjl  herguensis,  sp.  nov. 

M.  foliia  ovalibua  oblongia  vel  ovato-oblongis,  apke  actwUnatis,  hasi  mibrotundis  vd  parvm 
angustcUiSj  glabris,  svimembranaceis  vel  tenuiter  coriaceis,  petiolatU;  floribua  maacuUs  8-nw, 
paniculatis,  parvis,  axillaribris,  3 — i-meris,  pediceUis  bremssimis ;  calyce  aperte  campanvlatOy 
minute  puierulo,  ciliato;  corolld  suhghhrd;  staminibvs  14 — 16,  glabris ;  ovarii  rvdimento 
8ubtu8  glabra;  floribus  femineis  densi  cymosis,  3 — 9-nw,  plerumque  tHtneria ;  staminodiia  3 
vel  6,  glabris,  basi  corollce  tnsertis;  ovario  glabra,  G-loctdari,  laculis  tmi-awJatis;  fnictibus 
ghbasis,  glabris;  seminibvs  ablongis,  aUmmine  nan  ruminata, 

Cfr.  Diaspyros  fnUescens,  var.,  Blume,  Bijdr.  fl.  ned.  Ind.  p.  668  (1825);  fi,  TaUakj 
Alph.  DC.  Prodr.  vilL  p.  230.  n.  88  (1844)'. 

A  small  tree,  glabrous,  with  brown  or  dark-ashy  branches,  spreading  at  about  50*.  Leaves 
oblong  or  ovate-oblong,  glabrous  or  sometimes  with  puberulous  midrib  beneath,  sub-mem- 
branous, dark  above,  paler  and  brownish  beneath,  rounded  or  slightly  narrowed  at  base, 
acuminate  at  apex,  not  black-punctate,  nearly  flat,  veins  delicately  raised  on  both  sides,  or 
sometimes  slightly  depressed  on  the  upper  surface,  2^ — 6|  in.  in  length  by  1 — 3  in.  in  width ; 
petioles  ^ — |  in.  in  length. 

g.  Cymes  panicled,  bearing  numerous  flowers,  pubescent  with  short  lightish  brown  hairs, 
J  to  1  in.  in  length  (excluding  the  flowers) ;  pedicels  very  short ;  flowers  small ;  calyx  -^  in. 
in  height,  openly  campanulate,  with  slight  short  pubescence  outside,  and  3  or  4  widely  del- 
toid lobes  about  half  the  depth  of  the  calyx,  ciliate;*  corolla  nearly  glabrous,  about  -^  in. 
long,  3 — 4-lobed,  globes  short;,  stamens  14 — 16,  mostly  or  all  in  pairs,  inserted  at  base  of 
interior  of  corolla  or  hypogynous,  glabrous,  the  interior  ones  the  smaller,  anthers  about 
equalling  the  longer  filaments;   ovary  rudimentaiy. 

9.  Cymes  dense,  short,  many-flowered,  with  thick  pedicels,  pubescent  in  flower,  gla- 
brescent  in  fruit ;  bracteoles  ovate,  pubescent,  caducous,  ^  in.  in  length ;  flower  usually 
trimerous,  occasionally  tetmmerous,  ^  in.  in  length ;  calyx  pubescent  ^  in.  in  •  length,  gla- 
brescent,  spreading,  lobes  -^  in.  long,  diverging,  ovate,  sides  reflexed ;  .corolla  pubescent, 
lobes  -^  in.  in  length,  oval,  somewhat  spreading ;  staminodes  3  or  6,  inserted  at  base  of  the 
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tube  of  the  corolla,  ^  in.  in  length,  linear,  glabrous ;  styles  3,  distant,  glabrous,  ^  in.  in  length ; 
ovary  semi-ellipsoidal,  glabrous  except  at  base  where  there  is  a  band  of  hairs,  6-celled,  cells 
1-ovuled.  Fruit  glabrous,  smooth  and  shining,  globular,  about  | — f  in«  in  diameter^  some* 
times  4-celled  when  young ;  albumen  of  seeds  not  ruminated. 

Flowers  in  January^  fruits  in  February. 

Mergui  Archipelago,  Griffith!  (in  fruit),  Heifer/  3618;  Sumatra,  Korfhalal;  Borneo, 
0.  BcGcari!  n.  1670;  IJava,  Blvme/j  Kurl  amd  HasseU/ 

42.    Maba  fasciculosa,  F.  Muell.  Fragm.  v.  p.  163  (1866). 

M.  foliis  ovaUhlanceolatis  vel  oblongis,  apice  angustatia  vel  acuminatia,  obtusis,  hasi  cmgua- 
taUa,  glabris,  coridceis,  petioloitis;  floribua  masctdia  numeroaia,  dichotome  cymoaia,  S—i-meria, 
ataminibua  8 — 18,  anih^ria  glabria,  filamentia  aospe  minute  dliatia ;  floribua  femineia  3 — co-nia, 
3 — ii-meria,  aiaminodiia  0 — 4,  ovario  gldbro,  G-loculari,  locviia  uni-ovidatia ;  fructiJma  atibglo' 
boaia,  glabria. 

Benth.  Fl.  Austral.  IV.  p.  290.  n.  5  (1869). 

Dioapyroa  fasdculoaa,  F.  Muell.  Austral  Veg.  in  Intercol.  Exh.  Ess.  1866 — 67,  p.  35  (1867). 

M.  Idodjhra,  Benth.  L  c.  n.  4. 

A  tall  shrub  or  lofty  tree,  glabrous  with  terete  branches  spreading  at  about  46*.  Leaves 
ovate-lanceolate  oval  or  oblong,  narroWed  or  acuminate  at  apex,  obtuse,  more  or  less  narrowed 
at  base,  minutely  black-punctate  beneath,  2 — 4 J  in.  long  by  f — If  in.  wide ;  petioles  ^ — |  in. 
long;  midrib  and  veins  more  or  less  raised  on  both  surfaces;  margins  somewhat  recurved. 

^.  Flowers  numerous,  3 — 4-merous,  J — ^in.  long,  in  fascicled  axillary  cymes  J — Jin. 
long  exclusive  of  the  flowers;  pedicels  slender,  subglabrous;  bracteoles  small,  ovate,  slightly 
pubescent,  caducous.  Calyx  -^ — J  in-  long,  with  short  lobes,  somewhat  pubescent  outside, 
glabrous  inside.  Corolla  campanulate,  3 — 4-fid,  glabrous  or  obsoletely  pubescent,  lobes  rounded; 
stamens  8 — 18,  anthers  glabrous,  filaments  often  minutely  ciliate;  ovary  rudimentary,  gla- 
brous. 

9.  Flowers  3  or  many  together,  clustered,  3 — 4-merous;  cymes  axillary  short;  stami- 
nodes  0 — 4,  glabrous;  ovary  shortly  conical,  glabrous,  6-celled  with  cells  1-ovuled,  or  3-celled 
with  2  ovules  in  each  cell  separated  by  an  incomplete  dissepiment ;  style  very  short,  3-lobed 
at  apex.  Fruit  subglobose  or  shortly  ellipsoidal,  shining,  of  pale  colour,  ^— f  in.  long;  fruiting 
calyx  3 — 4-fid  with  spreading  and  reflexed  deltoid  lobes,  tube  cupuliform ;  seeds  1 — 4,  albu- 
men not  ruminated. 

Called  in  New  Caledonia  Mideao. 

Australia,  Bockingham,  Dallachy!;  Queensland  Woods^  JSiU!  100;  Brisbane  Biver, 
F.  Mueller  I;  Eockhampton,  08haneayl,  Thozet. 

New  Caledonia,  Deplcmche/  48,  206;  VieiUardl  899. 

43.    Maba  buminata,  sp.  nov. 

M,  foliia  amffuate  eUipticia,  utrinque  anguatatia,  glabria,  coriaceia,  petiolatia;  floribua 
femMieia  oo-n-w,  trimeria;  fructibua  aubglohoaia,  glahria;  calyce  frmtifero  S-fido,  tubo  hemi- 
aphcarioo,  lobia  late  avatia,  patentHma;  aXbumine  aeminum  rvminato. 
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Young  ports  and  inflorescence  puberulous ;  branches  somewhat  cinereous.  Leaves  narrowly 
elliptical,  narrowed  at  both  ends,  glabrous,  alternate,  coriaceous,  3 — 5  in.  long  by  | — If  in. 
wide;  petioles  J — J  in.  long;  margins  recurved;  midrib  slightly  dilatato-depressed  above; 
veins  not  conspicuous  above,  of  same  colour  as  lamina  beneath. 

9  •  Cymes  axillary,  many-flowered,  J — J  in.  long,  spreading ;  pedicels  ^ — J  in.  long, 
puberulous ;  fruiting  calyx  3-fid,  nearly  J  in.  across,  glabrous  or  very  nearly  so,  tube  hemi- 
spherical ;  lobes  widely  ovate,  convex  from  above,  spreading ;  fruit  about  J  in.  long,  sub- 
globose,  glabrous,  pale  and  shinipg;  seeds  with  ruminated  albumen. 

New  Caledonia,  Deplanche!  311. 

44.    Maba  conpertifloea,  sp.  nov. 

M.  foliia  ovali-oblongis,  apice  chtuse  vel  emargimite  acuminatis,  glabris,  coriaceis;  Jhnbvs 
mascvlis  aggregatis,  brevissime  cymosis,  aubsessilibys,  trimeris,  coroUd  urceolato-tubvlosd ;  sta- 
minibus  12,  geminatis,  glairis;  jloribua  femineia  aadllaribusy  subseasilibus,  aggregatis,  trimeris; 
staminodm  2 — 3,  stylo  apice  S-lobo,  ovario  gldbro,  Qi-hcvlari. 

A  small  tree ;  shoots  subglabrous  with  scattered  short  appressed  hairs,  cinereous.  Leaves 
crowded,  oval-oblong,  obtusely  or  emarginately  acuminate,  coriaceous,  glabrous  except  the 
midrib  beneath,  shining,  with  depressed  veins  on  the  upper  surface,  somewhat  paler  beneath ; 
lateral  veins  inconspicuous  and  weak;  leaves  1\ — 3 J  in.  long  (including  subglabrescent  petiole 
\  in.  long)  by  f — 1 J  in.  wide.    Bracts  shortly  ovate. 

S,  Flowers  many,  crowded,  on  short  slightly  hairy  cymes,  subsessile,  rufous;  calyx 
small,  trifid,  with  scattered  short  hairs,  spreading;  corolla  urceolate-tubular,  shortly  trifid, 
with  3  hairy  lines  down  the  middle  lines  of  the  lobes;  stamens  12,  united  by  their  fila- 
ments in  6  pairs,  the  inner  ones  being  the  shorter,  glabrous;  anthers  dehiscing  widely  from 
apex  downwards;  ovary  rudimentary,  glabrous. 

$.  Flowers  subsessile,  crowded  in  axils  of  leaves,  several  abortive ;  calyx  sub-glabrescent, 
coriaceous,  spreading,  3-lobed;  corolla  3-fid;  staminodes  2 — 3;  style  3-lobed  at  apex;  ovaiy 
glabrous,  6?-celled,  with  a  few  hairs  at  base, 

Labuan,  Lohh/y  Motley  I  206. 

45,    Maba  pxtnctata,  sp.  nov. 

Jf.  foliis  obhngts,  apice  breviter  acuminatis  vel  apicuhiis^  basi  subcordatis,  coriaceis  vel 
submembranaceis,  minute  pellucido^unctatiSf  supra  glabris  nitidis,  subtus  secus  nervos  puherulis, 
breviter  petiolatis ;  Jloribus  masculis  dense  cymosisy  pubescentibusy  trimeris,  staminibus  9,  glairis; 
Jloribus  femineis  3 — oo-ww,  breviter  cymosis,  svpra-axillaribus,  trimeris;  fructibus  sub^lobosis, 
gJabriSy  Q-locularibus. 

IHospyros  punctata,  Korthals,  MSS.  in  Hb.  Lugd.  Batav.  Ebenac.  n.  16. 

A  small  tree ;  young  parts,  inflorescence,  &c.  softly  ferruginous-pubescent ;  shoots  terete, 
pubescent  Leaves  oblong,  alternate,  coriaceons  or  submembranous,  minutely  pellucid-punc- 
tate, subcordate  at  base,  suddenly  and  sharply  acuminate  apiculate  or  mucronate  at  apex, 
glabrous  and  shining  above  with  depressed  midrib  and  lateral  veins;  midrib  and  about  9 
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or  10  lateral  veins  on  each  side,  puberulous,  distinct  and  in  relief  beneath;  lower  surface 
slightly  and  appressedly  puberulous,  with  evanescent  reddish  pulverulence ;  3 J — lOJin.  long 
by  li — 3 J  in.  wide;  petioles  Jin.  long,  thick,  terete,  pubescent;  usually  some  depressed 
glands  are  visible  on  the  lower  surface  of  the  leaves  especially  at  the  base. 

<J.  Inflorescence  axillary,  dense,  many-flowered,  short,  ^j — Jin.  long  (exclusive  of  the 
flowers) ;  bracts  acute,  numerous,  hairy ;  pedicels  varying  in  length  up  to  ^  in. ;  flowers  i  in. 
long,  white;  calyx  ^in.  long,  campanulate,  shortly  3-fid,  shortly  pubescent  outside,  glabrous 
inside,  lobes  deltoid;  corolla  tubular,  hypocrateriform,  -^in.  wide,  shortly  3-lobed,  sericeous 
outside,  glabrous  inside ;  lobes  acute,  spreading,  ^  in.  long ;  stamens  glabrous,  9,  hypogynous, 
equal,  6  united  by  their  filaments  in  3  pairs  of  which  the  inner  ones  are  the  shorter,  and 
3  distinct ;  anthers  longer  than  the  filaments,  linear,  acute ;  ovary  0 ;  receptacle  glabrous. 

5.  Inflorescence  supra-axillary;  cymes  3 — ^many-flowered,  ^ — Jin.  long  (exclusive  of  the 
flowers) ;  bracts  small  acute  caducous ;  fruiting  pedicels  thickened  upwards,  ^5 — J-  in.  long ; 
pericarp  rather  thick ;  firuit  ovoid  |  in.  long  by  |  in.  thick,  terminated  by  style  ^  in.  long 
3-lobed  at  apex,  glabrous  (in  diy  state),  subverrucose,  shining,  6-celled,  6-seeded;  fruiting 
calyx  appressed  to  young  fruit  and  sericeous,  quite  patent  and  nearly  glabrate  in  older 
firuit,  not  accrescent,  J  in.  across,  8-fid  with  ovate  or  deltoid  lobes. 

Borneo,  Foot  of  Qunong  Pautie  on  Serpentine  Rocks.  Mr  Motley/  n.  766;  Korthais/, 
Beccari/  n.  1423. 

Plate  IV.  A  fruiting  branch,  natural  size.  a.  A  piece  of  a  male  branch  in  flower, 
natural  size,    b.  A  piece  of  a  female  branch,  natural  size.    c.    A  fruit,  natural  size. 

46.    Maba  Teijsmanni. 

M,  arhorea,  hermaphrodtta{1),  folits  subdisttchts,  ovalibus  vel  dblongis^  apice' bremter  acur 
minatisj  bast  angustatis  vel  obtusis,  glairis^  breviter  petiolatts;  Jloribus  cymosis^  5 — 9-nw^ 
3 — 4-mem,  urceolatis^  stamtntbus  3 — 4,  bast  corollos  tnsertis,  ovario  ovoideo  ghhro  Q'loculari; 
fructtbus  coriaceis^  calyce  aucto  rejlexo. 

Bhipidostigma  Teijsmanni,  Hassk.  Betz.  I.  p.  106  (1855). 

A  tree  with  erect-patent  cinereous  asperulous  branches  and  terete  glabrous  or  minutely 
glandular-ciliate  shoots  whose  bark  is  often  somewhat  chartaceous ;  hermaphrodite  (7).  Leaves 
subdistichous,  oval  or  oblong,  cuspidate  or  shortly  acuminate  at  apex,  narrowed  or  obtuse  at 
base,  2 — 4^  in.  long  by  1 — 2J  in.  wide,  glabrous ;  midrib  and  veins  slenderly  depressed  on 
the  upper  surface ;  petioles  J — J  in.  long.  Cymes  axillary,  J — J  in.  long,  5  — 9-flowered,  puber- 
ulous ;  calyx  3 — 4-  lobed,  glabrous,  lobes  ^ — J  in.  long,  ovate,  with  reflexed  margins,  spreading ; 
corolla  urceolate,  shortly  lobed,  j — i  in.  high,  J  in.  wide,  slightly  hairy  outside ;  stamens 
3 — 4,  inserted  at  base  of  the  corolla;  ovary  ovoid,  6-celled,  glabrous,  surrounded  at  base  by 
a  ring  of  hairs.  Fruit  smooth,  f  in.  long  by  J  in.  thick,  pericarp  coriaceous,  flesh  slightly 
glutinous ;  seeds  ^  in.  long  or  more,  \  in.  thick,  albumen  cartilaginous. 

Java,  Teijsmann!,  flowers  in  April;  Borneo,  0.  Beccari/  n.  1822. 

47.    Maba  hermaphroditica,  ZolL  Syst.  Verz.  Ind.  Aichip.  p.  135  (1854). 
M,  arborea,  hermapkrodita  (1),  jbltis  altemis^  sparsis,  oblango-lanceolatis,  utrinque  attenua^ 
tie,   subcoriaceis,  glabris,    breviter  petiolatts  j  floribus  breviter  cymosis,   3 — 6-ww,    3 — i-meris, 
Vol.  XIL  Part  L  18 
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urceolatia^  ataminlbua  3 — 4,  hasi  cOroUo  insertiSy  ovario  glabro,  64oculari;  jructibua  obavato^ 
ellipsoideie  vel  oblonffo-cvaideis, 

Rhipidostigma  ZoUingeri,  Hassk.  Betz.  I.  p.  104  (1855). 

Hennaphrodite  (?) ;  glabrous  except  the  inflorescence ;  a  moderate-sized  tree  with  erect- 
patent,  terete,  cinereous-white,  punctately  asperulous  branches  and  green  glabrescent  shoots; 
bark  of  shoots  papery.  Petioles  ^  in.  long ;  leaves  subcoriaceous,  oblong-lanceolate,  attenuate 
at  both  ends,  sometimes  acuminate  at  apex,  1^ — 3  in.  long,  | — 1|  in.  wide,  with  subreflexed 
margins.  Cymes  short,  i — ^  in.  long,  pedicelled,  usually  3-flowered,  sometimes  4 — 6-flowered ; 
bracts  very  short,  ovate,  acute,  at  the  base  of  the  pedicels,  green,  deciduous;  pedicels  terete, 
^^1 — J  in.  long,  green,  glabrous.  Calyx  fleshy,  green,  3 — 4-partite ;  tube  very  short,  cupuli- 
form,  scarcely  -^  in.  high  ;  lobes  ovate,  acute,  -^  in.  long,  ^  in.  wide  at  the  base,  with  reflexed 
.margins.  Corolla  urceolate,  white,  J  in.  high ;  tube  subglobose ;  lobes  3—4,  patent,  ovate, 
shorter  than  the  tube.  Stamens  3 — 4,  inserted  at  base  of  corolla  and  included,  abortive  (?). 
Ovary  depresso-globose,  glabrous  but  with  a  ring  of  hairs  at  base,  6-celled,  cells  1-ovuled; 
styles  2  or  3,  bifid  at  apex,  glabrous.  Fruit  obovate-ellipsoidal  or  oblong-ovoid,  -ji^  in.  long, 
i  in.  thick,  1-celled,  l-seeded.     Flowers  in  April. 

Java,  ZolMngerl  3467.    Local  name  £^i  Kbning  Kajoe. 

The  next  following  species  is  very  imperfectly  known;  it  was  described  by  Zollinger 
from  a  drawing  of  Kuhl  and  Van  Hasselt  in  the  botanical  garden  at  Buitenzorg. 

48.    Maba  javanica,  ZoU.  obs.  bot.  nov.  p.  14  in  Natuurk.  tydschr.  Ncerl.  Ind. 

Vol.  XIV.  (1857). 

M.  foliis  dlipticis  utrinque  breviter  acuminatis  glabris  vix  liLCidis,  fiorihus  sybsessilibus, 
eonfertiSy  calyds  lobia  margins  revolutis  acutis,  baccis  breviter  pedunculatia  oblongis,  styUmim 
ve8tigii8  mucronatis. 

Java,  ZoUinger. 

49.    Maba  Maingayi,  sp.  nov. 

M,  monoeca  (?),  foliis  obovctUhOvalibuSf  apice  rotundis  emarginatis  vel  brevissime  acuminatis, 
cbtusis,  basi  cuneatis,  coriaceis,  subglabrescentibus,  petiolatis ;  cymis  3 — b-Jloris,  breviter  pubes- 
centibus,  flortbus  4 — 3-merw,  calyce  campanulato,  lobis  rotundatis  valde  contorte  imbricatis^ 
staminibus  20 — 22,  in  fl.  fern.  8  ? ;  ovario  glabro,  fusiformi,  3'locularibus  ;  loctdis  2-ovulatis ; 
fructibus  oblongis,  seminibus  soUtariis,  albumine  ruminato. 

A  tree,  monoecious  according  to  Dr  Maingay;  young  branches  rufous-puberulous,  after- 
wards softly  subglabrescent,  blackish,  terete.  Leaves  obovate-oval,  rounded  emarginate  or 
very  shortly  and  obtusely  acuminate  at  apex,  cuneate  at  base,  coriaceous,  altemat.e, 
puberulous  when  young,  subglabrescent,  2 — 4  in.  long  by  1 — 2|  in.  wide ;  petioles  -^^j — -^  in. 
long,  dark,  puberulous  when  young,  subglabrescent. 

(S.  Stamens  20 — 22;  filaments  very  short  or  wanting,  arising  from  the  receptacle; 
anthers  very  long,  linear-lanceolate ;  calyx  deeply  4 — 3-lobed ;  limb  of  corolla  4 — 3-lobed  ; 
ovary  0. 

9 .  Cymes  3 — 5-flowered,  ferruginously  and  shortly  pubescent,  about  \  in.  long ;  flowers 
mostly  on  long  stout  pedicels  nearly  \  in.  long,  suberect,  \  in.  long  or  more.    Calyx  j — \  in. 
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long  by  ^  in.  wide,  openly  campanulate,  ferruginously  and  shortly  pubescent  outside,  glabrous 
inside,  3- fid  but  apparently  subtruncate  by  the  close  contorted  imbrication  of  the  rounded 
lobes.  Corolla  somewhat  salver-shaped,  with  inflated  tube,  glabrous,  deeply  4 — 8-fid,  with 
spreading  oblong  obtuse  lobes,  much  imbricated  in  bud.  Staminodes  8(7),  glabrous,  small 
(in  the  bud),  equal,  inserted  at  base  of  corolla^  in  one  row.  Ovary  glabrous,  spindleshaped, 
about  ^  in.  long  by  scarcely  -j^  in.  thick  (in  the  bud) ;  style  very  short ;  stigma  3-lobed ; 
ovaiy  3-celled  with  2  pendulous  ovules  in  each  cell  at  lower  end  of  the  ovary.  Fruit 
l-seeded,  IJ — 2  in.  in  length  by  about  1  in.  thick,  oblong,  narrowed  at  base;  testa  cnista- 
ceouS|  intruded  deeply  in  about  15  planes  into  the  albumen  which  is  therefore  ruminated; 
pericarp  about  -^  in.  thick,  dark  and  somewhat  rugose  outside.  Fruiting  calyx  not  accres- 
cent; tube  stuffed;  lobes  patent. 

Malacca,  Maingayl  976,  Oct.  25,  1867;  Borneo,  0.  Beccari!  n.  1550. 

50.    Maba  Motleyi,  sp.  nov. 

Jtf.  foUis  ellipttcis  vel  ohlonffis,  apioe  rotundaUa^  bast  angtistatuf,  glahrts,  ooruzceie,  breviter 
pettotatis;  flortbus  svhaoUtarita,  tetrameris,  pedunculia  glabris;  ccdgcis  lohia  rotundcttis,  emargi- 
natts,  valde  imbricatta;  ataminihua  25,  glabria^  receptaculo  inaertia;  in  fiore  femxneo  staminodiis 
16,  (wario  ovoideo-canico,  glabro,  S-loculart,  loculis  hxovulatia ;  friicttbus  ohlongia,  ghbria, 
I'Spermis,  calyce  fructifero  parvo,  patente;  aemintbua  teretibua,  albumine  ruminato. 

A  tall  slender  tree,  glabrous  except  the  extremities  and  inflorescence  where  there  is 
a  weak  ferruginous  or  whitish  pubescence;  branches  spreading  at  45^ — 55^  Leaves  alter- 
nate, elliptical  or  oblong,  coriaceous,  glabrous,  rounded  at  apex,  slightly  narrowed  at  base, 
2 — 3J  in.  long  by  | — 2  in.  wide,  petiole  -^ — |  in.  long;  midrib  depressed  above,  lateral  veins 
rather  close,  inconspicuous.  Flowers  yellow,  subsolitary  on  short  glabrous  peduncles  -j^j — ^  in. 
long,  tetramerous. 

S.  CoroUa  |  in.  long,  funnel-shaped,  deeply  4-fid  with  spreading  lobes,  glabrous; 
stamens  25,  mostly  equal,  inserted  on  the  receptacle,  free,  with  very  short  filaments;  anthers 
linear,  glabrous. 

$.  Flowers  f  in.  long.  Calyx  I  .^  in.  long,  with  scattered  short  weak  hairs,  4-fid ; 
with  rounded  emarginate  much  imbricated  lobes,  giving  the  calyx  the  appearance  of  being 
truncate.  Staminodes  16  or  more,  glabrous;  style  4?-lobed  at  apex;  ovary  ovoid-conical, 
glabrous,  3-celled,  cells  bi-ovuled.  Fruit  oblong,  glabrous,  |  in.  long  by  ^  in.  thick,  l-seeded. 
Fruit-calyx  small,  4-fid,  J  in.  across,  loose  or  spreading;  seed  f  in,  long,  nearly  terete,  J  in. 
thick;  albumen  ruminated. 

Borneo,  Bangarmassing,  Mr  J.  MoUeyf  n.  721 ;  Labuan,  Mr  Barber/  n.  167,  common  on 
sandy  soil  near  the  barracks. 

51.    Maba  mybmecocalyx,  sp.  nov. 

Jf.  glabra,  foliia  eUtpUcis,  altemie,  aptce  breviter  et  obtuse  acuminaiis,  bast  obtusis  vel  suhro- 
tundis,  cariaoeis,  nitentibus,  peHolatis;  frttciibus  soUtariis,  asdllaribus  vel  lateralibusj  bremtear 
pedunculatis,  ellipsoideis,  nitent^ms,  apice  obsolete  pubescentibus,  calyce  fructifero  hemisphcsrico, 
breviter  4flobo^  coriaceo,  verrucoso,  glabro. 
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Glabrous.  Leaves  alternate,  elliptical  or  sometimes  somewhat  ovate,  shortly  and  obtaselj 
acuminate,  obtusely  narrowed  or  nearly  rounded  at  base,  coriaceous,  shining  and  brown  (in 
dried  state)  on  both  sides,  2 — 4J  in.  long  by  1 J — 2§  in.  wide ;  petioles  ^ — |  in.  long ;  veins 
inconspicuou&  Fruit  solitary,  on  the  young  branches,  axillary  or  lateral,  ellipsoidal,  shining, 
smooth,  obsoletely  pubescent  at  apex,  1 — IJ  in.  long  by  | — 1  in.  thick,  5-seeded,  cells  im- 
perfect ;  peduncle  thickened  upwards,  ^  in.  long,  somewhat  verrucose,  glabrous ;  calyx  cup- 
shaped,  verrucose,  about  1  in.  across,  shallowly  4-lobed,  half  as  high  as  the  fruit;  seeds 
oblong,  J  in.  long. 

Borneo,  0.  Beccaril  n.  3568. 

52.    Maba  Beccarii,  sp.nov. 

M,  folixB  elliptic<h6bl(mgi8  vel  ovalibua,  apice  brevtter  et  obtuse  acummatis,  bast  rotundatisy 
coriaceis,  bremter  petiokUis ;  floribua  brevtter  pedunculatis,  solitariia  vel  aliquando  btnis ;  calyce 
^fido^  truncatOf  lobis  rotundatia,  arete  tmbrtcatis,  sintatrorae  contariis ;  jructu  immcUuro  pubea- 
cente,  S-focwfari  (?),  apice  conico;  stylo  brevi,  apice  3-foJo. 

Young  shoots  ferruginous,  shortly  tomentose;  branches  puberulous,  spreading  at  about 
55®.  Leaves  alternate,  elliptic-oblong  or  oval,  shortly  and  obtusely  acuminate  at  apex,  rounded 
at  base,  coriaceous,  quickly  glabrate  except  the  shortly  tomentose  and  strong  midrib  beneath ; 
veins  indistinct ;  | — 2  in.  long  by  | — 1  in.  wide ;  petioles  ^  in.  long,  rather  stout,  shortly 
pubescent. 

Known  only  after  the  fall  of  the  corolla.  Flowers  shortly  pedunculate,  solitary  or  occa- 
sionally 2  together ;  peduncles  -^ — J  in.  long.  Calyx  campanulate,  I  in.  long  by  ^  in.  thick, 
shortly  pubescent  with  rufous  hairs,  4-fid,  apparently  truncate  by  closely  contorted  imbrica- 
tion of  the  rounded  lobes;  ovary  (or  young  fruit)  rufous  with  short  hairs,  conical  above, 
exceeding  the  calyx,  3-celled  (?) ;  style  short,  3-lobed  at  apex. 

Borneo,  0.  Beccaril  n.  1948. 

53.    Maba  sericea. 

M.  foliis  lanceolatis,  distichis,  apice  acuminatis,  basi  angustatis,  coriaceis,  supra  nervo  ex- 
cepto  glaberrimis,  subtus  dense  puhescentibus,  pilis  appressis  flavis  sericeis,  breviter  petiolatis; 
fioribus  polygamis  {^)y  subsessilibus,  plerumque  pentameris,  calyce  campanulaio,  corolld  5-fiddy 
staminibus  50 — 60  vel  in  fl.  hermaphrod.  circiter  32,  hispidis;  ovario  Q-loculari,  sericeo^  loculis 
I'ovulatis ;  fructibus  flavo-puhescentibus,  Q-hcularibus. 

Diospyros  sericea,  Alph.  DC.  Prodr.  viii.  p.  236.  n.  67  (1844),  Miq.  in  Mart  Fl.  Bras.  vn. 
Eben.  p.  3.  n.  1.  1. 1.  f.  2  (1856). 

A  polygamous  (?)  small  leafy  tree,  15  feet  high,  with  patulous  horizontal  ramification  and 
the  leaves  arranged  in  a  pinnate  manner ;  shoots  flavo-pubescent.  Leaves  alternate,  lanceolate, 
somewhat  narrowed  at  base,  distichous,  patent,  coriaceous,  dark  shining  and  glabrous  except 
along  depressed  midrib  above,  densely  flavo-sericeous  beneath;  with  lateral  veins  not  con- 
epicuous;  1 — ^3  in.  long  by  | — 1  in.  wide;  petioles  r^ — fin.  long,  pubescent.  Bracts  lanceo- 
late,  fulvo-pubescent ;  flowers  usually  pentamerous. 

i.    Flowers  1 — 3  or  more  together,  subsessile,  axillary,  tawny-hairy,  ^^^  in.  long.    Calyx 
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campannlate,  -f^  in.  long,  hairy  on  both  sides,  with  5  deltoid  lobes  J  length  of  calyx. 
Corolla  5-fid,  with  ovate-oblong  lobes^  glabrous  within.  Stamens  50 — 60,  with  linear  slender 
hispid-pilose  anthers  and  short  filaments  combined  at  the  base,  inserted  at  base  of  corolla ; 
ovary  rudimentary. 

Hermaphrodite  flowers  solitary,  on  peduncles  -^ — J  in.  long ;  calyx  4 — 5-fid,  with  ovate  lobes ; 
corolla  4 — 5-fid ;  stamens  about  32,  perfect  (?),  not  all  in  one  row,  somewhat  silky,  linear ; 
inserted  at  base  of  corolla.  Ovary  6-celled,  6-ovuled,  silky,  ovate-conicaL  Styles  3,  emarginate, 
imbricated.  Fruit  subsessile,  ellipsoidal,  suddenly  conical  at  apex,  flavo-pubescent  with 
longer  hairs  interspersed,  about  1  in.  long  by  J  in.  thick,  fleshy,  6-celled ;  fruiting  peduncles 
thickened  upwards  with  wide  articulation  at  apex ;  fruiting  calyx  |  in.  long,  with  4  or  5 
lanceolate  lobes  ^  in.  long,  lying  close  to  fruit  or  spreading,  tomentose  inside;  seeds  solitary, 
elongated,  fusiform ;  embryo  twice  the  length  of  the  albumen. 

Bi-azil,  Minas  Geraes,  Claussen !  67,  464,  1062  (fruit  glabrate,  globular  -f^  in.  in  dia- 
meter, drupaceous,  1-celled) ;  Martins !;  Goyfc,  along  the  Caminho  da  Carreira,  BurcheUI 
6970,  6986—2;  caDed  in  Brazil "  Culhoens  de  Macato,"  BurcheU;  near  Bahia,  Blamhet  3358 
ex  Miq.  in  Mart  l.  a 

54.    Maba(?)  cordata,  sp.  nov. 

M,  ramulis  jnloso-hispidis ;  foliis  dbhngis,  apice  acumtnatts,  boat  supra-cordatia,  submem-' 
hranaceisy  supra  suhglabris,  suhtus  secus  costam  nervos  et  margines  piloso-htspidis,  breviter 
petiolatis ;  jhrtbus  femineis  subsessilibtis,  1 — 2-ww,  fructxbus  immaturis  bast  globosis,  apice  oi- 
rupte  et  longe  conicis,  dense  pilosis,  S-loculartbits ;  loculis  l-spermis  {-ovulaiis) ;  stylo  S-lobo; 
ealyoe  4 — S-partito,  extus  pubescente,  lobis  lanceolatis  patentibus. 

Shoots,  midrib,  lateral  veins  below,  and  margins  of  leaves  pilose-hispid  with  tawny  hairs ; 
branches  terete ;  leaves  alternate,  oblong,  acuminate,  deeply  cordate,  submembranous,  nearly 
glabrous  and  yellowish  green  above  with  inconspicuous  slightly-depressed  veins,  paler  beneath 
with  clearly  marked  tawny  veins,  4 — 8  in.  long  by  l^^j — 2^  in.  wide;   petioles  \ — \  in.  long, 

9.  Flowers  subsessile,  axillary,  1  or  2  together;  young  fruit  with  globular  base  and 
long  suddenly  conical  apex  terminating  in  3-lobed  style,  together  \  in.  long  by  ^  in,  thick, 
densely  fulvo-pilose,  6-celled,  cells  1-ovuled  (-seeded) ;  fruiting  caJyx  pubescent  outside,  gla- 
brous inside,  4 — 5-partite ;  lobes  lanceolate,  acute,  f  in.  long,  spreading,  subconaceous. 

Borneo,  0.-  BeccariJ  n.  1429. 

55.    Maba  myrmecocabpa. 

M.  foliis  oblongis,  apice  acutis  vel  breviter  a^cuminatis,  basi  a/ngvMatis,  nervo  excepto  glor' 
hrescentibtis,  svbmembranaceis,  breviter  petiolatis;  fructibus  aadUaribus,  solitariis,  svibsessilibus, 
ovoideis,  dense  ferrugineo-hispidis,  G-hcviaribus ;  cdlyce  fructifero  S-partito,  utrinque  fusco- 
sericeo,  lobis  acutis. 

DiospyrosQ.)  myrmecocarpus,  Mart,  in  FL  Bras.  Vii.  Eben.  p.  7  (1856). 
Tree;  shoots  with  spreading  ferruginous  hispid  hairs,  dull,  glabrescent^  terete.     Leaves 
rather  thickly  membranous,  narrowly  oblong,  4—7  in.  long  by  IJ— 2  in.  wide,  contracted  at 
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the  base,  acute  or  shortly  acuminate  at  the  apex  (covered  in  the  dried  state,  especially 
beneath,  with  small  -warts);  midrib  on  both  sides  fusculo-strigillose ;  lateral  veins  8 — 15, 
uniting  within  the  margin,  and  somewhat  sunk  above,  with  scattered  hairs ;  leaves  at  length 
glabrescent  except  the  midrib ;  petioles  about  -j^  in.  long ;  flowers  unknown. 

Young  fruit  axillary,  solitary,  subsessile,  ovoid,  somewhat  pointed  at  apex,  scarcely  1  in. 
long  by  .f  in.  thick ;  calyx  3-partite,  fusco-sericeous  on  both  sides,  f  in.  high,  1  in.  across ; 
lobes  lanceolate  acute;  yoimg  fruit  6-celled,  with  dense  ferruginous  hairs  arising  from  small 
rough  warts-  containing  6  young  seed& 

Equatorial  Brazil,  Province  Bio  Negro,  found  in  thick  damp  woods  by  river  Japurd,  near 
Manacard,  in  January,  Martiua! 

66.  Maba  mteisticoides. 

M.  foliis  ovali-oUonffis,  apice  acutia  acuminatis,  bast  aTtgustatis,  tenuiter  coriaceis,  sub- 
glahrescentibus,  hreviter  petiolatis;  florihus  mascidis  aggregatis,  sesdlibtis,  aadUaribua,  pvhescen- 
tihuSy  soBfpissime  trimeris  rariua  pentameris,  staminibus  12  in  floribus  trimeris,  cirdter  30  in 
florihus  pentameris,  antheris  linearibus  sericeis,  fliamentis  brevibus  glabris. 

Macreigktia  myristicoides.  Spruce  MSS. 

A  small  tree  3 — 7  ft.  high ;  young  parts  subferruginous-hairy;  branches  3  together,  long, 
subsimple,  brown,  with  appressed  hairs.  Leaves  oval-oblong,  somewhat  narrowed  at  base, 
acuminate  and  acute  at  apex,  alternate,  thinly  coriaceous,  midrib  depressed  above,  3 — 7i  in. 
long  by  1 — 2|  in.  wide,  with  appressed  scattered  brown  hairs  especially  beneath,  subglabres- 
cent ;  petioles  | — ^  in.  long,  with  scattered  spreading  hairs. 

S,  Flowers  numerous,  crowded  in  sessile  axillary  clusters,  about  f  in.  long  or  penta- 
merous  flowers  J  in.  long,  covered  with  ferruginous  stiuight  hair,  mostly  trimerous,  very  rarely 
pentamerous;  calyx  campanulate,  3-fid  with  deltoid  acute  lobes  (very  rarely  5-fid);  corolla 
white  with  ferruginous  hairs;  stamens  12  in  trimerous  flowers  (about  30  in  pentamerous 
flowers),  anthers  linear,  with  long  straight  silky  hairs,  filaments  combined,  short,  glabrous; 
ovaiy  0. 

N.W.  Brazil,  Near  Panurfe  by  Rio  XJaup^  Spruce/  2542,  October. 

67.  Maba(?)  catjliflora. 

M.  foliis  ovcUi-oblongis,  apice  acuminatis  vel  breviter  cuspidatis,  basi  rotundatis  vd  parvm 
angustatis,  suhmembranaceis,  svbglahrescentibus,  breviter  petiolatis ;  floribus  femineis  sessilibics,  late- 
ralihis,  secus  cavles  aggregatis,  pentameris,  pubescentibus,  calyce  B-partito,  coroUd  5'partitd, 
lobis  obhngo-lanceolatis,  staminodiis  10 — 14,  geminatis,  pilosis,  stylo  trifido,  ovario  rigide 
piloso,  6  (T)'loculari. 

Diospyros  cavliflora,  Mart,  in  FL  Bras.  viL  Eben.  p.  7(1856),  non  Blume. 

A  small  tree;  trunk  sub-simple;  branches  crowded  at  the  extremity,  slender,  terete, 
pubescent  with  brown  appressed  hairs,  glabrescent.  Leaves  submembranous,  oval-oblong, 
acuminate  or  shortly  cuspidate,  rounded  or  slightly  narrowed  at  base,  shining,  with  a  few 
scattered  appressed  hairs  and  prominent  veins  beneath,  subglabrescent,  glabrous  above  with 
depressed  veina,  alternate,  3—9  in.  long  by  1| — 3i  in.  wide ;  petioles  i — ^^  in.  long,  pubescent. 
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9 .  Flowers  sessile,  in  groups  on  the  stem,  ^ — ^  in.  higb ;  calyx  5-partite,  coriaceous, 
cup-shaped,  appressedly  hairy  outside,  lobes  obtuse ;  corolla  5-partite,  strigillose  outside,  coria- 
ceous, lobes  oblong-lanceolate,  somewhat  spreading;  staminodes  10 — 14,  inserted  at  base  of 
corolla,  united  by  their  filaments  in  5 — 7  pairs,  the  inner  ones  being  the  shorter;  barren 
anthers  covered  with  long  rigid  pilose  hairs;  style  3-fid,  half  concealed  by  hairs  of  ovary, 
hairy;  stigmas  bifid  at. apex.  Ovary,  with  long  rigid  pilose  hairs,  (8-celled  ex  Fl.  Brasil. 
Lc)  6?-celled. 

Surinam,  by  river  Marowyne,  Wvllschldgd;   Cayenne,  Martini 

58.    Mara  Hilairei,  sp.  nov, 

-Jf.  foliis  obhngisy  utrinque  angustatis^  apice  acumtnatis,  costd  et  margine  exceptis  gla- 
brescentibtiSy  coriaceis,  petiolatis,  floribus  femineis  3 — 7-nw,  breviter  pedicellatis,  fulvo-sericeis, 
perUameris,  caiyce  campanvlato  profunde  5-fido,  coroUd  prqfunde  S-lobd,  lohis  patentibus, 
staminodiis  11 — 13,  leviter  pilosis,  corollce  basi  insertis,  stylis  3,  ovario  dense  fermgineo-piloso, 
Q'loculari, 

Young  parts  pubescent ;  branches  terete.  Leaves  oblong,  narrowed  at  both  ends,  acumi- 
nate at  apex,  glabrescent  except  midrib  and  margins  beneath  which  are  fulvo-puberulous ;  coria- 
ceous, alternate,  of  dark  slate  colour  above,  reddish  dull-brown  beneath,  with  two  rows  of 
depressed  glands  not  far  from  the  midrib  on  each  side,  veins  rather  distant  not  conspi- 
cuous, midrib  depressed  above,  3 — 4  in.  long  by  1 — 1 J  in.  wide;  petioles  i  in.  long,  some- 
what twisted. 

$.  Inflorescence  fulvo-sericeous,  3 — 7-flowered,  I — }  in.  long,  bracts,  ovate,  small; 
peduncle  almost  obsolete,  pedicels  r^ — J  in.  long;  flowers  pentamerous,  f  in,  long;  calyx 
i  in.  long,  campanulate,  deeply  5-fid,  lobes  lanceolate  or  ovate  pubescent  on  both  sides ; 
corolla  deeply  5-lobed,  stellate,  lobes  spreading,  fulvo-pubescent  along  middle  outside,  glabrous 
inside,  contorted  in  sestivation;  staminodes  11 — 13,  somewhat  pilose,  inserted  at  the  base  of 
the  corolla.  Ovary  densely  ferruginous-pilose,  globose,  flattened  at  top;  terminated  by  3 
distinct  styles  pubescent  below,  i  in.  long,  diverging  in  full  flower,  glabrous  and  lobed  at 
apex ;  ovary  6-ceUed,  cells  1-ovuled. 

Brazil,  Province  of  Espiritu  Santo,  A.  3t  Hilairei  1816—1821,  n.  375. 

59.    Maba  Mellikoni,  sp.  nov. 

M.  foliis  elliptids,  apice  acuminatis,  basi  angustatis,  supra  nervo  excepto  glabris,  svhtus 
paUidioribus  sparsis  pUis  appressis,  petiolatis;  floribus  femineis  sub-S-nis,  breviter  cymosis, 
6 — 6-wem,  pediceUis  brevissimis,  caiyce  campanvlato  5 — Q-fido,  vtrinque  pubescente,  lobis 
ddtoideis,  coroUd  5 — G-partitd,  staminodiis  25 — 30,  minutis,  uniserialibiLS,  coroUce  basi  insertis, 
subglalrisy  ovario  dense  rufo-pHoso,  Q-hcfulari,  stylis  3. 

Young  parts  pubescent.  Leaves  alternate,  elliptical,  acuminate  at  apex,  narrowed  at 
base,  about  2^  in.  long  by  |  in.  wide,  of  dark  slate  green  colour  above  and  glabrous  except 
depressed  midrib,  paler  beneath  and  appressedly  pubescent  on  midrib  and  with  scattered 
appressed  hairs  on  the  lamina ;  margins  recurved ;  petioles  i  in.  long. 

2 .    Flowers  about  3  together,  in  short  axillary  cymes,  5 — 6-merous,  J  in.  long  by  ^  in. 
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wide ;  pedicels  very  short ;  calyx  ^  in.  long,  campanulate,  pubescent  on  both  sides,  especially 
inside,  5 — 6-fid,  lobes  deltoid;  corolla  (not  expanded)  glabrous  except  5 — 6  pubescent  lines 
in  lower  part,  5 — 6-partite;  lobes  elliptical,  probably  spreading  in  full  flower;  staminodes 
25 — 30,  very  small,  subequal,  inserted  in  one  row  at  base  of  corolla,  nearly  glabrous;  ovary 
densely  rufous-pilose,  subglobose,  flattish  at  top,  6-celled,  6-ovuled,  surmounted  by  3  erect 
contiguous  styles  which  are  pubescent  at  base  and  acutely  bilobed  at  apex. 
S.  America,  French  Guiana,  Maroni,  Mellinon/ 

IV.    DIOSPYROS,  Dalech.  Hist.  Lib.  in.  cap.  xxi.  p.  349  (1587). 

Flores  dioeci,  rarius  monosci  vel  polygami,  3 — 7-,  aaepius  4 — 5-wim,  cymosi.  Calyx  lohatus 
vd  rarius  tnmcatus,  in  fructu  scBpe  a^ccrescens.  Corolla  lobata;  lobis  ohtusis  vel  rarius  a/yatia, 
in  prcejfloratione  sinistrorse  contortis. 

Flos  masculus:  stamina  4 — x,  soBpivs  cirdter  16  et  biseriaUhus;  ovarium  plervmque 
ahortivum. 

Flos  femineus;  staminodia  scBpius  4 — 8,  inter dvm  0;  ovarium  4 — 16-,  rarissime  6-, 
numquam  S-locuiare. 

Arbores  vel  frutices,  foliis  altemis  vel  rarius  suboppositis  nunquam  verticiUatis,  cymis 
axillaribus  vel  rarius  secus  ramos  vetustiores  lateralibus,  interdum  unifloris. 

Linn.  Gen.  Plant,  pp.  143,  383.  n.  403  (1737),  Alph.  DC.  Prodr.  p.  222.  n.  VI.  (1844), 
Agardh.  Theor.  Syst.  Plant,  t.  x.  figs.  11,  12  (1858).  Cfr.  Cesalp.  De  Plantis,  lib.  II.  cap.  LII. 
p.  86  (1683). 

Ermellinua,  Cesalp.  De  Plantis,  lib.  III.  cap.  XXI.  p.  104  (1583). 
Pseudolotus,  Camer.  Epit.  p.  156  (1586). 
Lotus  (ap.),  Camer.  Epit.  p.  157  (1586)j  non  Linn. 
Lignum  Vit^e,  Gerarde  Herball,  p.  1309  (1597),  non  auct  aL 
Ouaiacum  (sp.),  Gerarde  Herball,  p.  1310  (1597^). 
Pishamin,  Parkins.  Theatr.  Bot.  p.  1523.  f.  4  (1640).. 
Ouaiacana,  Toum.  Inst,  rei  Herb.  p.  600.  t.  371  (1700). 
Ficus  (sp.),  Ksempf.  Amoenit.  Exot,  p.  805  (1712). 
Hebenaster,  Rumph.  vol.  iii.  (lib.  iv.)  p.  15.  t.  6  (1750). 
Paralea,  Aubl.  Plant.  Guin.  vol.  I.  p.  576.  t.  231  (1775). 
Dactylusy  Forsk.  Fl.  iEgypt.  Arab.  p.  xxxvi.  n.  481  (1775). 

JEmbryopteris,  Gaertn.  De  Fructibus  et  Seminibus  Plantarum,  vol  I.  p.  145.  t.  29  (1788). 
EbenuSy  Commers.  ex  Jussieu  Gen.  PL  p.  156  (1789),  non  Linn. 
CavaniUea,  Desrouss.  in  Encycl.  M^th.  III.  p.  663  (1789),  non  auct.  al. 
Oardnia  (sp.),  Desrouss.  in  EncycL  M^th.  in.  p.  701  (1789),  non  Linn. 
(?)  Huclea  (sp.),  Lour.  Fl.  Cochinch.  p.  629  (1790). 

Annona  (sp.),  Jacq.  Fragm.  Bot.  p.  40.  t.  44.  f.  7  (1800—9). 
Cargillia,  R.  Br.  Prodr.  Fl.  Nov.  HoU.  p.  526  (1810). 
Monodora  (sp.),  Dunal,  Monogr.  Anon.  p.  80  (1817). 
Leucoxylum,  Blume,  Kjdr.  FL  Ned.  Ind.  p.  1169  (1826). 
NoUia,  Schum.  Plant.  Guin.  p.  189  (1827). 
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GwOteria  (sp.),  WalL  List  n.  7295  (1828—32). 

Sapota  (sp.),  Blanco,  FL  FiUp.  p.  409  (1837). 

BOonia  (spi),  Wight,  JUustr.  l  p.  19  (1840). 

Chmisanthus,  AlpK  DC.  Prodr.  viil.  p.  219.  n.  3.  (1844). 

JSospidiaa,  Alph.  DC.  I  c.  p.  220.  n.  4. 

Damleria,  Bert  ex  Alph.  DC.  I  c.  p.  224.  il  8. 

Vcuxnnium  (sp.),  Wall,  ex  Voigt,  Hort.  Suburb.  Calcutt  p.  345  (1845). 

Flowers  dioecious  or  rarely  polygamous,  very  rarely  monoecious  and  then  casually  so; 
inflorescence  usually  short,  cymose,  axillary  on  the  young  branches,  or  occasionally  arising 
firom  the  old  wood  and  lateral,  more  or  less  pubescent  or  tomentose,  bracteate,  1-  few-  or 
many-flowered.  Calyx  3 — 7-lobed,  usually  4— 5-fid,  rarely  truncate  or  obscurely  lobed  at  apex, 
usually  pubescent  outside,  often  accrescent  in  firuit;  in  D.  Toposia,  Hamilt.,  closed  in  bud 
and  afterwards  irregularly  broken.  Corolla  urceolate  campanulate  tubular  or  salver-shaped, 
usuaUy  pubescent  outside  at  least  along  the  middle  line  of  the  lobes  and  with  3 — 7  usually 
4—5  spreading  or  recurved,  rarely  erect,  obtuse  or  occasionally  acute  lobes;  usually  con- 
tracted at  the  throat,  that  is,  at  the  top  of  the  tube  ;  lobes  sinistrorsely  (as  regarded  from 
inside)  contorted  in  bud ;  in  D.  oocarpa,  Thw.,  irregularly  imbricated ;  never  valvate.  Stamens 
in  f  flowers  4 — x  usually  about  16  and  more  or  less  united  by  their  filaments  in  pairs  or 
otherwise,  sometimes  altogether  separate,  glabrous  or  hairy,  inserted  at  the  base  of  the 
corolla  or  hypogynous  or  very  rarely  about  middle  of  corolla;  when  in  pairs  one  stamen  is 
placed  in  front  of  the  other,  the  interior  one  being  usually  shorter  than  the  exterior,  some- 
times equal;  anthers  oblong  linear  or  lanceolate,  never  globose  nor  squarish,  often  apiculate 
at  the  apex  by  projecting  connective,  2-celled;  dehiscing  laterally  by  longitudinal  slits  or 
rarely  by  apical  pores;  pollen  widely  ellipsoidal  or  globose;  filaments  usually  shorter  than 
the  anthers  and  slender,  sometimes  aln^ost  obsolete,  occasionally  geniculate.  In  $  flowers 
staminodes  usually  present  and  fewer  than  the  stamens  in  the  S.  Styles  1 — 4,  or  obsolete; 
stigma  emarginate  or  punctiform.  Ovary  in  6  flowers  rudimentary  or  absent;  in  $  hairy  or 
glabrous,  ovoid  conical  or  globose  (in  2>.  Diepenhorstii  "stipitato — constricted  at  base*'),  4— 
16-celled,  usually  8-celled;  ovules  solitary  in  the  cells,  or  in  the  section  CargiUxa  2  together. 
Fruit  usually  globose  oblong  or  conical,  glabrous  glabrate  pubescent  hispid  or  tomentose, 
often  about  1  in.  in  diameter,  but  varying  from  J  in.  to  about  4  inches,  often  pulpy  and 
edible,  with  thin  or  thick  skin,  containing  1 — 10  seeds;  seeds  usually  oblong  with  dark  more  or 
less  shining  testa.  Albumen  cartilaginous,  white  and  equable  or  in  some  species  more  or 
less  ruminated  by  sinuous  intrusion  of  the  testa;  embryo  as  in  the  family.  Fruiting  calyx 
often  accrescent  with  the  lobes  erect  spreading  or  reflexed  and  frequently  dilated  at  the  base, 
sometimes  plicate,  coriaceous  or  foliaceous. 

The  name  is  derived  from  Jei;?,  Sw  Jupiter,  and  irvpo^  grain,  with  reference  to  the  pre- 
sumed, life-giving  properties  of  the  fruit ;  but  the  allusion  is  by  no  means  obvious. 
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DIOSPYROS. 


Key  to  the  Sections  and  Species. 


Seeds  with  ruminated  albumen ;  leaves  in  some  species  opposite.  §  I.  Melonia. 

Albumen  of  seeds  not  ruminated ;  leaves  always  alternate. 

Calyx  truncate  and  entire  or  very  shortly  lobed;  stamens  glabrous.    §  II.  Ebenus. 
Calyx  distinctly  lobed,  or  stamens  more  or  less  hairy. 

Fruit  conical ;  ovary  usually  4«-celled,  cells  1-ovuled.  §  III.  NOLTIA. 

Fruit  globular,  ovoid,  obovoid  or  oblong ;  ovary  4 — 16-celled,  cells  1 — 2-ovuled. 
Pedicels  long  or  cymes  lax;  stamens  8 — 21. 

2  flowers  solitary  or  on  distinct  peduncles.  §  IV.  GuNlSANTHUS. 

9  flowers  cymose,  §  V.  GuAiACANA. 

Pedicels  short  or  cymes  dense,  or  stamens  very  numerous. 

Stamens  all  or  half  of  them  inserted  about  middle  of  corolla.  §  YL  CUNALONIA. 
Stamens  inserted  on  the  receptacle  or  at  base  of  corolla. 

Corolla  tubular,  often  salver-shaped ;  stamens  4 — 32,  when  numerous  usually 
unequal 

Stamens  quite  glabrous.  §  YII.  Ermellinus. 

Stamens  more  or  less  hairy.  §  YIIL  Patonia. 

Corolla  urceolate  or  campanulate ;  stamens  8 — 22,  usually  unequal 

Ovary  4 — 16-celled,  cells  1-ovuled. 

Anthers  dehiscing  laterally  by  apical  pores.  §  IX.  Leucoxylum. 

Anthers  dehiscing  laterally  by  longitudinal  slits. 

Ovary  glabrous  (except  apex).  §  X.  Danzlebia. 

Ovary  hairy.  §  XI.  Paralea. 

Ovary  4K5elled,  cells  2-ovuled.  §  XIL  Cargillia. 

Corolla  deeply  lobed,  subrotate ;  stamens  15 — 50,  subequal.  §  XIII.  ROSPIDIOS. 

Corolla  egg-shaped  or  oblong,  shortly  lobed ;  stamens  nu- 
merous, subequal.  §  XIY.  Cavanxllea. 

Calyx  closed  with  connate  lobes  in  bud,  afterwards  bursting  irregu- 
larly. §  X  Y.  Amuxkl 
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2.  2).  insignia. 

3.  D.  oppositifoUa, 

4.  2>.  2\^^prM. 

5.  D.  melanowylon. 


§  I.    Melonia. 

Leaves  opposite  or  subopposite,  or  frequently  so. 

Leaves  deeply  cordate  at  base ;  fruit  pyriform.  1.  Z>.  calophylla. 

Leaves  rounded  or  narrowed  not  cordate  at  base ;  fruit  globular  or  ellipsoidal. 

i  flowers  subsessile;  9  flowers  sessile. 

Stamens  14 — 20 ;  petioles  \ — J  in.  long. 
Stamens  about  8 ;  petioles  -^ — J  in.  long. 

i  flowers  in  short  cymes;   5  flowers  subsessile  or  pedunculate. 

Leaves  rounded  or  obtuse  at  base ;   staminodes  0 — 6. 
Leaves  narrowed  at  base;  staminodes  8  or  10. 
Leaves  all  alternate. 

Fruiting  calyx  not  much  plicate ;  tube  without  internal  elevated  rim  at  top. 
Fruit  terete,  smooth. 

Flowers  shortly  urceolate  or  subglobose. 

Leaves  of  nearly  the  same  colour  on  both  surfaces. 

Leaves  pubescent;  staminodes  10. 
Leaves  glabrescent;  staminodes  4. 

9  flowers  solitary;  ovary  8 — 6-celled. 

2  flowers  about  3  together;  ovary  4-celled. 

Leaves  of  different  colours  on  the  two  surfaces. 

Stamens  about  22;  leaves  elliptical. 
Stamens  14 — 16  ;  leaves  oval-oblong. 

Flowers  tubular  or  urceolate-oblong. 

Leaves  without  conspicuous  lateral  veins;  flowers  axillary. 

Leaves  glabrous  or  quickly  glabrescent 

I  Leaves  usually  elliptical ;  flowers  subsessile.  11.  2).  hvrsuta. 

1  Leaves  usually  oval-oblong ;  flowers  in  short  cymes.   12.  2?.  mespiliformis. 

Leaves  more  or  less  tomentose,  especially  beneath.        13.  D,  burmanica. 
Leaves  with  clearly  marked  lateral  veins;  flowers  lateral 

and  axillary.  14.  2>.  lateralia. 

Fruit  somewhat  tetragonal,  verrucose.  16.  2>.  vemwoaa. 

Fruiting  calyx  not  plicate ;  tube  with  internal  elevated  rim  at  top.   16.  D.  K<yirthilsia/na, 
Fruiting  calyx  much  plicate ;  tube  without  internal  elevated  rim  at  top. 

2  flowers  solitary. 

19  calyx-lobes  acuminate ;  ovary  4 — 6-celled.  17.  D,  affims. 

9  calyx-lobes  obtuse  or  rounded  and  apiculate ;  ovary  8-celled.     18.  2?.  crumenata. 

9  cymes  many-flowered. 

Leaves  submembranous,  2J — 5  in.  long.  19.  2>.  Jrutesceris, 

Leaves  coriaceous,  4 — 8  in.  long.  20.  2?.  dengiflora. 

19—2 


6.  2>.  decandra. 

7.  D.  sylvatica. 

8.  2?.  Kurzii. 

9.  2).  ehretioides. 

10.  2>.  rotv/ndiflora. 
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§  n.    Ebenus. 

Fruit  8ub-verrucose ;  aestivation  ot  corolla  irregular. 
Fruit  not  verrucose ;  sestivation  of  corolla  regularly  contorted. 
Corolla-lobes  acuminate. 

Flowers  glabrous. 
Flowers  fulvo-velutinous. 


21.  D.  oooarpa. 


22.  Z>.  tnmcata. 

23.  D.  ludemides. 


Corolla-lobes  not  acuminate. 

Ovary  hairy. 

Corolla  nearly  glabrous,  but  margins  ciliate;  pedicels  manifest.  24.  D.  bameensia. 
Corolla  hairy ;  flowers  sessile  or  subsessile. 

Leaves  whitish  beneath;  flowers  fuliginous-hispid. 
Leaves  not  white  beneath ;  flowers  not  fuliginous^ 

Stamens  16. 
Stamens  10—13. 

Styles  short. 

Leaves  acuminate. 

Leaves  obtuse,  not  acuminate. 

Style  manifest,  4-lobed  at  apex. 

Stamens  20—32. 

J  cymes  few-flowered;  leaves  coriaceous. 

Fruiting  calyx-lobes  reflexed. 
Fruiting  calyx-lobes  erect. 

i  cymes  5 — 15-flowered ;  leaves  submembranous. 

Ovary  glabrous. 

Flowers  1 — 5  together,  subsessile,  pubescent^  firuiting  calyx  not  plicate. 

Stamens  30 — 40;  leaves  subsessile,^  cordate,   coriaceouB; 

branches  usually  straight.  33.  D,  leucomdoM. 

Stamens  11 — 15;  leaves  petiolate,  not  cordafe,  coriaceous; 

branches  flexuous.  34.  D.  chn/8ophffilo8i 

Stamens  16;   leaves  petiolate,  not   cordate,  submembra- 

nous ;  branches  straight  35.  D.  senensis. 

Flowers  solitary,  shortly  pedunculate,  glabrous;  fruiting  calyx 

plicate.  86.  D.  rotmdi/vlicL 


25.  D.  batooana. 


26.  D.  qucBsitcu 


27.  i>.  tooBUxxricL 

28.  D.  tesaeUaria. 

29.  D.  haplostylis. 


30.  D.  mdamda* 

31.  D.  nodosa. 

32.  D.  cmoncBfolicL 
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§  m.     NOLTIA. 


Ovary  haiiy. 

Leaves  not  cordate  at  base. 

Ovary  (or  young  fruit)  4-  (or  6-)  celled,  not  fuliginous. 

Stamens  4 — 5 ;  leaves  acuminate. 

Leaves  thin^  2 — 4  in.  long. 
Leaves  coriaceous^  6—12  in.  long. 

Stamens  6 — 16 ;  leaves  obtuse. 

Ovary  (or  young  fruit)  8-celled^  fuliginous-hispid. 
Ovaiy  10-celled,  fulvous-pubescent^ 

Leaves  more  or  less  cordate  at  base. 

Calyx  4-fid;  fruit  appressedly  pubescent 

Calyx  4f — 5-partite;  fruit  covered  with  patent  hairs. 

Corolla  appressedly  sericeous. 
Corolla  glabroua 

Ovaiy  glabrous  except  apex. 


37.  i>.  aUenuata. 

38.  D.  acubk 

39.  D.  tricolor. 

40.  D.  fuliginea. 

41.  D.  Bra/ndisiana, 


42.  D.  subaouUk 

43.  D.  pnmena, 

44.  2).  opioiiZoto. 

46.  D.  Barieri. 
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§  IV.     GUNISANTHUB. 

Flowers  urceolate  or  not  very  Blender. 
Calyx  quite  glabrous. 

Ovary  8-celled;  staminodes  4, 
Ovary  4-celled;  staminodes  0. 
Calyx  more  or  less  hairy. 

Peduncles  ebracteate,  articulated  at  apex. 
Peduncles  bracteate. 

I  Bracts  densely  imbricated  at  base  of  peduncles. 
Bracts  not  densely  imbricated. 

Ovary  glabrous. 
Ovary  hairy. 

Peduncles  stout;  flowers  pentameroua 
Peduncles  slender;  flowers  tetramerous. 

Male  flowers  narrowly  tubular,  very  slender. 


46.  D.  microrhombua. 

47.  D.  foliolosa. 

48.  D,  pUosrda, 

49.  2).  suberifolia. 

50.  2).  sqtuirroecL 

61.  Z>.  panicvlata. 

52.  2).  gracUipes, 

53.  2).  gracUiflora. 


§  V.     0UAIACA17A. 

Fruiting  calyx  tough ;  leaves  coriaceous  or  subcoriaceous ;  stamens  12 — 20 ;  dioecious. 

9   Cymes  3-flowered,  stiffi  54.     D.  PerviUei. 

Cymes  many-flowered. 

Flowers  pentamerous;  stamens  20.  55.     27.  dictyoneura. 

Flowers  tetramerous;  stamens  12 — 16. 

Leaves  not  cordate  at  base. 

9  Cymes  racemose ;  veins  of  leaves  in  relief  on  both  sides.     56.  2>.  asterocalyx, 
?  Cymes  panicled ;  veins  of  leaves  markedly  depressed  on 

upper  surface.  67.  D.  Horsfiddii.  . 

Leaves  cordate  at  base.  58.  D.  Boivim. 

Fruiting  calyx  usually  foliaceous;  leaves  membranous;  stamens  8; 

polygamous.  69.  D.  Lcmreirima, 


§  VI.     CUNALONU. 

Stamens  20  or  24,  all  inserted  in  pairs  about  middle  of  corolla ;  corolla- 
lobes  obtuse.  60.    R  Dendo. 

Stamens  8,  half  inserted  at  base  and  half  at  middle  of  corolla ;  coroUa- 
lobes  acute.  61.    D.  Chmahn. 
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§  YIL     EBMELLINXJa 


Fruiting  calyx-tube  without  internal  elevated  rim  at  top. 

Stamens  8;  leaves  not  velutinous. 

Leaves  glabrous;  branches  glabrous  except  extremities. 

Leaves  cuneate  at  base,  IJ — Sin.  long. 
Leaves  obtuse  at  both  ends,  4 — 5  in,  long. 

Leaves  appressedly  pubescent,  at  least  on  veins  beneath ;  shoots 
pubescent.  64, 

Stamens  9 — 10 ;  leaves  velutinous-pubescent ;  flowers  4 — 5-merous.  66. 
Stamens  12 ;  leaves  velutinous  beneath ;  lateral  flowers  3-merous,  66. 
Stamens  12;  leaves  glabrous,  not  velutinous ;  flowers  5-merous,  67. 
Stamens  14—20. 

Fruit  obconicaL 

Fruit  roimded  at  basa 

CoroUa-lobes  acute  or  acuminate;  ovary  hairy. 
I  Calyx-lobes  lanceolate. 
I  Calyx-lobes  rounded. 

Leaves  and  petioles  glabrous. 

Leaves  and  petioles  more  or  less  pubescent. 

Corolla-lobes  obtuse;  ovary  glabrous. 
Leaves  ferruginous-pubescent  beneath,  rounded  at  base. 
Leaves  glabrescent,  narrowed  at  base. 

i  Calyx  glabrous  outside,  tomentose  inside;  peduncles 

i — J  in.  long 
Calyx  more  or  less  hairy  outside ;  peduncles  very  short 

^  Calyx  deeply  4-lobed ;  ovary  4-cellei 

Leaves  somewhat  ovata 
Leaves  somewhat  obovate. 

(J  Calyx  4 — 5-fid;  ovary  10-ceUed. 
Stamens  32. 
Fruiting  calyx  with  internal  elevated  rim  at  top  of  its  tube. 
I  Flowers  dioecious ;  stamens  16 — 32 ;  leaves  opaque. 


62.  D.  tetraspermck 

63.  D.  CaHhei. 


D.  polydUMoides, 

D.  Kirkii. 
D.  vdvtina. 
D.  plectosepalcL 


68.    B.  strida. 


69.    D,  ericmtha. 


70. 
71- 


74 
76. 

76. 

77. 

78 


2>.  variegata. 
D.  dasyphyUa. 


72,    2),  Beccarii, 


73.    D.  oUifoUa. 


\  Flowers  polygamous ;  stamens  8 ;  leaves  minutely  pellucid-punctate.  79. 


D.  jUmccms. 
D.  mpotoides. 

D.  aurea. 
D.  nigriccms, 

D.  Ebenwm. 
D,  peUucida. 
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§  Yin    Patonia. 


Stamens  4 
Stamens  8—30. 

Corolla  4 — 5-fid,  or  lobed  much  beyond  the  apex. 

Leaves  subcaudate  at  apex. 

Leaves  obtuse^  not  acuminate. 

Leaves  more  or  less  acuminate,  not  caudate. 

Ovary  4-celled. 
Ovary  8-celled. 

9   Flowers  6  or  more  together. 

5    Flowers  solitary. 

Filaments  glabrous  except  apex. 
Filaments  pilose. 

Corolla  4 — 6-lobed  only  at  apex;  filaments  hairy, 

I  Leaves  ovate,  paler  beneath. 
Leaves  oblong,  of  same  colour  on  both  sur£ax;e& 

Stamens  11 — 14. 
Stamens  15—30. 

S  Flowers  clustered,  several  together. 
$  Flowers  2  together. 


80.    D.  Uitfiwndra. 


81.  Z>.  Sprwei. 

82.  D,  marUima, 

83.  D,  phUippinensis, 

84.  2>.  pUosanthercL 

85.  2).  lancecefolia. 

86.  D.  Oardneri. 

87.  D.  Eeuddotii. 

88.  D.  imdulaki. 

89.  D.  mvltiflora. 

90.  D.  biflora. 


§  IX.    Leucoxylum. 


Corolla  glabrous  inside ;  stamens  glabrous ;  leaves  less  than  1  in.  in  width. 

<J  Flowers  solitary;   calyx  3-lobed.  9L    D.  parvifolia. 

i  Flowers  3 — 4  together;  calyx  4-lobed.  92.    2?.  buadfolia. 

Corolla  tomentose  on  both  sides;  filaments  tomentose;  leaves  more 
than  lin.  in  width.  93.    D.  Veacoi, 
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§  X    Danzleria, 


Ovary  4-cellei 
Ovary  8-celled 

i  Flowers  1 — i  together  (or  rarely  panicled),  or  stamens  not  glabrous. 

S  Flowers  surrounded  at  base  b/  5 — 6  imbricated  bracts  nearly 

as  long  as  the  calyx. 
Bracts  not  enveloping  the  calyx. 

Corolla  fleshy. 
Corolla  not  fleshy. 

Calyx-lobes  deltoid  or  rounded. 
Corolla  glabrous  or  nearly  so. 
Corolla  hairy  outside. 

Calyx-lobes  ovate  or  lanceolate. 
Stamens  hairy. 
Flowers  pubescent  outside. 

Leaves  ciliate;   calyx-lobes  obtuse. 
Leaves  not  ciliate;   calyx-lobes  lanceolate. 

Flowers  sessile  or  subsessile. 

Fruit  { — Jin.  in  diameter. 
Fruit  1 — l^in.  in  diameter. 

Flowers  shortly  pedunculate. 

Flowers  glabrous  outside,  but  calyx-lobes  ciliate. 

Stamens  glabrous. 

Corolla-lobes  acute. 
Corolla-lobes  obtuse. 

I  Stamens  10—12. 
I  Stamens  16. 

S  Flowers  in  dense  axillary  clusters;  stamens  glabroua 
I  Glabrous,  not  spinous ;   stamens  12. 
I  More  or  less  tomentose,  often  spinous ;  stamens  16. 


94.    D.  Morrisiana. 


95. 

D.  8^[ttamosa. 

96. 

D.  comoretuis. 

97. 

D.  montana. 

98. 

D.  ZoUimgen. 

99. 

D.  cUtata. 

100. 
101. 

102. 

D.  Zohu. 

D.  virginiana. 

D.  Kotki. 

103. 

D.  chartacea. 

104. 

D.  vaccinioidea. 

105. 
106. 

D.  cayennensis. 
D.  lama. 

107. 
108. 

D.  Thomrsii. 
D.  Moroxt/lon. 

yoL.  XXL  Paet  I. 


20 
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D,  pergamena. 
D.  cauliflora. 

D,  ramiflora. 
D.  IHepenhorstU, 

D,  sumatrancL 


§  XI.    Paralea. 
Flowers  arising  from  the  old  wood. 
Albumen  radiately  striate. 

5  Flowers  pentamerous ;  stamens  20.  109. 

<J  Flowers  tetramerous;  stamens  16.  .  110. 

Albumen  equable,  not  radiately  striate. 

Ovary  ovoid-conical,  10 — 12-celled.  111. 

Ovary  stipitato-constricted  at  base,  14 — 16-celled.  112. 

Flowers  arising  from  the  young  branches. 

I  Fruiting  calyx  foliaceous ;  leaves  with  long  narrow  acumen  at  apex.  113. 
J  Fruiting  calyx  not  foliaceous ;  leaves  without  long  narrow  acumen  at  apex. 

I  i  Flowers  solitary.  114.    JD.  pendiUa. 

I  ^  Flowers  cymose,  not  solitary. 

(5  Flowers  very  hard  and  crass  (in  the  dry  state).  115.    JD,  macrophyUa. 

S  Flowers  not  very  hard. 

9   Fruiting  calyx-tube  without  elevated  internal  rim  at  top. 

Flowers  dioecious ;  fruit  J — 1^  in.  in  diameter. 

Ovary  4 — 8-celled. 

Stamens  glabrous. 

Corolla  nearly  glabrous.  116.    D.  ovalifolia. 

Corolla  hairy  outside, 

J  5  Flowers  1 — 3  together.  117.    D.  texana 

I  5  Flowers  5 — 7  together.  118.    D.  mabacea. 

Stamens  not  glabrous. 

Filaments  glabrous,  anthers  silky. 

Leaves  glabrous,  yellowish.  119. 

Leaves  margined  with  tomentum,  at 


120. 


least  when  young. 
Filaments  hairy. 
Corolla  glabrous  (except  4  lines). 
Corolla  pubescent  outside. 

Leaves  coriaceous,  2 — 5  in.  long. 
Leaves    firmly    membranous, 
6— 7iin.  long. 
Ovary  10-celled. 
Flowers  polygamous;  finit  IJ — 4 in.  in   diameter, 
edible.  125. 

Fruiting  calyx-tube  with  internal  elevated  rim  at  top. 

Flowers  tetramerous;   coroUa-lobes  obtuse.  126. 

Flowers  3 — 4-merousj  corolla-lobes  acute.  127. 


D.  pentamera, 
D.  Paralea. 


121.  D.  rhodocalyx. 

122.  D.  macrocarpcL, 


123. 
124. 


D.  perforata. 
D.  oblonga, 

D.  Ebenaster. 

D,  samo^nais. 
D.  Olen. 
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§  Xn.    Caboillu* 

Leaves  oblong  or  oval,  without  evident  glands.    Australian. 
Leaves  oval,  scattered  with  glands.    Philippine  Islands. 


128.  D.  OarffUlia. 

129.  D.  McUacapai. 


veins 


§  XIIL    KospiDioa 

Stamens  glabrous. 

I  Spinous ;  flowers  very  small ;  stamens  16. 

1  Not  spinous ;  flowers  of  moderate  size ;  stamens  18 — 24. 

Leaves  about  1  in.  long. 
Leaves  2 — 5  in.  long. 

Stamens  more  or  less  pilose. 

Leaves  not  markedly  paler  beneath. 

Leaves  cordate  at  base. 

Calyx  deeply  5-fid. 

Leaves  with  margins  but  slightly  revolute,  and  veins 
clearly  depressed  on  the  upper  surface. 

Leaves  with  margins  much  revolnte,  and  tertiary 
not  clearly  depressed  on  the  upper  surface. 

Calyx  shortly  4— 7-fid. 

Stamens  20. 

Stamens  40—50. 
Leaves  not  cordate  at  base. 
Leaves  pubescent  beneath. 

S  flowers  3  together;  stamens  18 — 24. 

i  flowers  several  together;  stamens  30 — 45. 

<$.    Cymes  very  dense;  stamens  30. 
S.    Cymes  less  dense;  stamens  36 — 45. 

Leaves  glabrous. 
Leaves  markedly  paler  beneath. 
Stamens  26 — 45. 

Leaves  6 — 9  in.  long;  corolla  very  silky  outside. 
Leaves  2 — 3  in,  long;  corolla  glabrous  except  hairy 
outside. 

Stamens  15 — 17. 
[Cfr. 


130.  D.  spinosa. 


131. 
132. 


D.  walls. 
D.  hispida. 


133. 
134. 

135. 
136. 


D.  Ooudotii. 

D.  gauUhericefolia. 

D.  subrotata. 
D.  polyandra. 


137.  B*  coccolobcefolia. 


138. 
139. 

140. 


D.  Pearcei. 
D.  peruviana, 

D.  WeddeUii. 


141.  D.ghmeraia, 


lines 


142.  D.  caprecefolia. 

143.  D,  Mamnii. 

144.  D,  artanthce/olia,] 

20—2 
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§.X1V.    Cavanillka. 
I  Fruit  not  densely  hairy ;  corolla  4 — 6-lobed  at  apex. 


S  flowers  J — I  in.  thick. 
Leaves  cuneate  at  base. 

Stamens  12 — 20;  leaves  oval  or  oblong-lanceolate. 
Stamens  25 — 32;  leaves  bbovate. 
Leaves  rounded  or  obtusely  narrowed  at  base. 
Leaves  subvelutinous  beneath. 
Leaves  glabrous  on  both  sides. 
Styles  4,  hairy  at  base. 
Style  glabrous^  lobed  at  apex. 
j  g  flowers  J — I  in.  thick. 
Fruit  densely  hairy;  corolla  4 — 5-fid. 
Stamens  glabrous. 
Stamens  densely  pilose. 


145.  JD.  Poeppigiana. 

146.  D.  emarginata. 

147.  2).  rigida. 

148.  D.  Emhryopteria, 

149.  D.  coriacecL 

150.  JD.  crassiflora. 

151.  D.  discolor. 

152.  D,  argentea. 


§  XV.    Ajcuxia 


153.  D.  Toposia. 


1.     DiOSPYBOS  CALOPHYLLA,  sp.  nOV. 


D.  foUis  mboppositis,  oblongis,  apice  dCumtncUis,  basi  profunde  cordatis,  glahrescentibus, 
ffubccniaceis,  nitidis,  unt-coloribus,  petiolatis;  jhribus  femimeis  aggregoHs,  bremter  pedunciUatis, 
aanUarSyus;  fructibus  pyriformi-obconicis,  rufo-tomentosis,  pluri-locularibtts ;  ccUyce  Jructifero 
apice  4-fo6o,  rufo-tomentoso,  appresao,  fructum  oequumte. 

A  small  tree,  of  rich  brown  colour  in  the  dry  state,  glabrous  except  the  inflorescence 
and  young  parts  which  are  rufous-puberulous.  Leaves  oblong,  subcoriaceous,  deeply  cordate 
at  base,  acuminate  at  apex,  subopposite,  shining,  of  same  colour  on  both  sides,  6 — 12  in. 
long  or  more  by  \\ — 3i  in.  wide ;  petioles  \ — \  in.  long,  rufous-puberulous,  glabrescent. 
Fruits  clustered,  axillary,  several  together  (5 — 10  in  flower)  on  rufous-puberulous  peduncles 
J — Jin.  long;  bracts  small;  fruit  pyriform-obconic,  rufous-tomentose,  1 — IJin.  longx| — lin. 
thick,  several-celled;  enclosed  to  full  height  by  appressed  thick  calyx  which  is  shortly 
and  roundedly  4-lobed  at  apex  and  rufous-tomentose  on  both  sides ;  fruit  tipped  with  re- 
mains of  rufous-tomentose  style. 

Madagascar,  not  far  from  the  sea  at  Angonsti,  Richard!  36. 
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2.    DiospYROS  INSIGNIS,  Thw.  En.  CeyL  PL  p.  180.  n.  10.  (1860). 

D,  foliia  suboppositis  et  aitemis,  Jirmiter  membranaceis^  ovatis  vel  oblongts,  acwminatiSy 
hasi  rotundatis  vd  angustatia,  glabria;  florihvs  masculis  lateralibus,  glomeratis,  subsesaUihuSy 
tetrameriSf  staminibus  14 — 20 ;  Jloribua  femineia  1 — 3-iiw,  axiUaribus,  aessilibua,  ovario  S-locidari, 
fructibiLa  avhgloboaia  loavibiia,  calyce  aucto  craaao  lignoao,  margins  reflexo;  albumine  ruminato. 

Bedd.  Ic.  PL  Ind.  Or.  (Pt.  vii.)  p.  26.  t.  130  (1871). 

A  very  laxge  tree,  with  young  shoots  somewhat  pubescent.  Leaves  subopposite  and 
alternate,  toughly  membranous,  glabrous,  ovate  or  oblong,  acuminate,  rounded  or  some- 
what narrowed  at  base,  midrib  and  lateral  veins  clearly  marked  on  the  under  surface^ 
tertiary  veins  nearly  parallel  and  transverse  to  the  midrib,  4 — 14  in.  long  by  IJ — 6  in. 
wide;  petioles  J — A  in.  long. 

S  Flowers  crowded  many  together  in  subsessile  lateral  clusters.  Calyx  \ — \  in  long, 
campanulate,  shortly  4-fid,  lobes  ovate,  acute,  shortly  pubescent  outside,  glabrous  inside ; 
corolla  }in.  long,  shortly  tubular,  4-lobed,  pale-tomentose  outside,  lobes  short;  stamens 
14 — 20,  nearly  glabrous,  many  in  pairs,  the  longer  filaments  geniculate  and  with  light- 
coloured  hairs. 

9  Flowers  1 — 3  together,  axillary,  sessile.  Ovary  8-celled ;  fruit  subglobular,  ^smooth, 
subglabrous,  inconspicuously  depresso-areolated,  l^in.  in  diameter,  supported  on  a  thick 
accrescent  woody  caljrx  whose  tube  forms  a  cup  with  elevated  rim,  margin  reflexed;  seeds 
f — l^in.  long  by  -^j — Jin.  wide;  albumen  ruminated.    A  valuable  timber  tree. 

Geylony—Thwaitea/  2000  ft.  alt.,  O.P.  2730,  3477;  S.  India,  Anamallays,  Beddome, 
2000— 3000  ft.  alt.    Called  "Gona-gass"  in  Ceylon. 

8.    DiosPYROS  OPPOSITIFOLIA,  Thw.  En.  CeyL  PI.  p.  181.  n.  11.  (1860). 

D.  foltiff  oppoaitia,  obtuaia,  breviter  dcuminatia,  baai  rotundatia,  coriaceia,  gldbratiay  bretriter 
petiolatia;  jUmbua  maaculia  anguate  tvbuloaia,  atibaeaaUibiLa,  tetrameria,  calyce  ^-fido,  campa- 
nulato,  corolld  breviter  4e'fidd,  ataminibua  cirdter  8,  incequdlibua. 

Bedd.  Ic.  PL  Ind.  Or.  (Pt.  vii.)  p.  27.  t  131  (1871). 

A  moderate-sized  tree ;  branches  glabrous  terete.  Leaves  oval,  firmly  coriaceous,  glabrous 
(or  the  younger  ones  slightly  pubescent),  rounded  at  base,  obtuse  or  shortly  acuminate  at  apex, 
opposite  or  subopposite,  2 — 6 in.  long  by  IJ — 3  in.  wide;  net- veins  inconspicuous,  nearly 
transverse  and  feebly  depressed  on  the  lower  surface;  petioles  -^ — ^in.  long,  tumid- 
crass,  dark,  glabrous. 

5  Flowers  sessile  or  subsessile,  few  together,  |  in.  long.  Calyx  ^  in.  long,  not  quite 
glabrous,  4-lobed  nearly  to  the  middle,  with  acute  lobes.  Corolla  slender,  hispid,  Jin.  long, 
lobes  about  J  the  depth  of  the  corolla.  Stamens  about  8,  very  unequal ;  (the  filaments 
and  connectives  are  figured  as  having  short  hairs).  The  timber  of  this  tree  resembles 
that  of  D,  qucaaitay  Thw.,  Calamander. 

Ceylon,  Thwaitea!;  C.P.  3011;  Hinidoon  Corle,  up  to  elevation  of  1000  feet;  local  name 
"  Kaloomidereya-gass.** 
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4.  DiosPTROS  TuPRU,  Buch.  Journey  vol  L  p.  183  (1807). 

D.  foliis  altemis  et  svboppositis,  ellipUcis  ovatis  vel  avhrotwndis,  apice  obtuais  rariuB 
acuminatis,  basi  rotundatis  vd  rarius  angustatis,  coriaceis,  ^tua  tomentosis,  petiolatis;  pe^ 
dunculis  florum  masctdorum  hngitudine  petioli,  apice  3 — ^-floris^  calyce  campaniilato  apice 
4 — 6'lobo,  staminibua  12 — 18;  floribua  femineis  solitariis  brevissime  pedunciUatis,  staminodiis 
0 — 6,  fructibus  subglobosis  vd  aooideis  ghhris,  calyce  projunde  4 — G-fido,  lobis  ovatis  margine 
extus  reflexis;  aibvmine  ruminato. 

Hamilt.  (olim  Buch.)  in  Trans.  Linn.  Soc.  xv.  p.  Ill  (1827). 

Diospyros  exculpta,  Hamilt.  Lc.  p.  110,  D.  exscvlpta,  Alph.  D.C.  Prodr.  viiL  p.  223. 
n.  3  (1844),  Bedd.  Fl.  Sylv.  t.  66  (1870)  ?  fr. 

Diospyros  inscuipta,  Hamilt.  Lc.  p.  112,  Alph.  DC.  l,c.  n.  6. 

Diospyros  tomentosa,  Roxb.  Hort.  Beng.  p.  40  (1814),  Fl.  Ind.  edit.  1832  vol.  2.  p.  532, 
Roxb.  draw.  n.  1728  in  Hb.  Kew,  R.  Wight  lc.  tt  182,  183  (1840),  non  Poir. 

?D.  speciosa,  Wood,  Rep.  For.  Oudh  1867—68,  p.  33  {narne  only,  1869). 

Called  Tupru  (Carnatic),  Kend  (Hindoo),  Kendu  (Bengal)  according  to  Hamilton,  and 
KaUindoo  (Sanscrit),  Kyou  and  TvmaUi  (Bengal),  according  to  Roxburgh;  Tunki  in  the 
Cuddapah  district,  and  Tumboomee  i&  the  Bombay  presidency,  according  to  Beddome. 

A  tree  either  of  small  moderate  or  large  size  up  to  60 — 80  ft.  high ;.  dioecious  or  poly- 
gamous; the  heart-wood  is  black  in  some  trees  and  of  a  hard  and  heavy  substance  called 
at  Munghur  Batti  and  at  Saseram  Abfrms.  The  latter  word  is  said  to  be  of  Persian  origin 
and  a  source  from  which  our  word  Ebony  is  derived.  Trunk  grey-black,  bar]c  very  closely 
cracked  both  transversely  and  longitudinally.  Branches  cinereous,  alternate  or  opposite,  ramified 
as  in  the  oak ;  young  shoots  ferruginous-pubescent.  Leaves  opposite  subopposite  and  alternate, 
/  elliptical  ovate  or  subrotund,  bright  green,  more  or  less  coriaceous,  usually  almost  glabrous 
on  the  upper  side  and  tomentose  beneath,  sometimes  glabrous  on  both  sides;  obtuse  or 
rounded  at  the  base;  emarginate  rounded  or  obtusely  narrowed  or  sometimes  apiculate 
at  apex;  3 — 14 in.  long  by  \\ — 7iin.  wide;  petioles  ^ — fin.  long;  lateral  veins  usually 
prominent  beneath;  deciduous. 

5  Flowers  3  or  4,  on  recurved  thickened  tomentose  peduncles  equalling  or  rather 
longer  than  the  petioles,  4 — 5-merous,  white,  ^ — ^in.  long;  bracts  small;  pedicels  very 
short;  calyx  tomentose,  campanulate;  corolla  much  longer  than  the  calyx,  with  short  lobes, 
hairy  outside;  stamens  12 — 18,  inserted  on  the  receptacle,  glabrous  (?);  ovary  rudimentary, 
hairy. 

9  Flowers  solitary,  subsessile  or  shortly  stalked,  4 — 6-merou8;  peduncles  about  tk^* 
long;  bracts  3 — 4,  scale-like,  caducous;  calyx  campanulate,  4 — 6-fid;  corolla  shortly  4 — 6- 
lobed;  staminodcs  0 — 6;  ovary  4  (-6?)  -celled,  somewhat  hairy;  styles  2  ( — 3).  Fruit  egg- 
shaped  or  globose,  glabrescent,  about  1  in.  long  by  |  in.  thick,  usually  4-celled  and  3-seeded ; 
seeds  ^in.  long  by  ^in.  wide  and  ^in.  thick;  fruiting  calyx  surrounding  the  base  of  the 


Digitized  by 


Google 


Mb  HIERN,  on  EBENACEiSL  159 

firuit  or  spreading,  pubescent  on  both  sides,  | — fin.  across,  not  or  scarcely  accrescent; 
testa  shining,  marked  with  reticulated  depressions;  albumen  cartilaginous,  ruminated,  grey. 
"The  firuit  when  ripe  is  sweet  and  not  very  bad  tasted;"  according  to  Hamilton  the 
cotyledons  in  D.  inaculpta  are  conduplicate.  This  valuable  tree  sheds  all  its  leaves  in  the 
cold  season,  and  they  appear  again  in  the  beginning  of  the  hot  weather  (Beddome);  not 
uncommon  in  the  Cuddapah,  Salem  and  Kumool  forests  in  Madras.  Difficult  to  distinguish 
from  B.  melanoxyUm,  Boxb.,  to  which  species  it  ought  perhaps  to  be  united. 

N.W.  India.  Hb.  Royle!;  Brundekund,  Edgewi/rik!  6004;  Hb.  Stocks! ;  plains  of  Behar, 
&a,  Dr  Hooker !  440,  441 ;  Magadi  (used  for  small  beams  and  posts),  Hejuru,  S.W.  Mysore 
(a  large  tree ;  timber  good),  Buck,  Ham.  Journey  vol  I.  p.  183.  voL  ii.  p.  125.  W.  Himalaya, 
Dr  Stewart! 


6.    DtOBFTROS  MELANOXTLON,  Roxb.  Coromand.  p.  36.  t.  46  (1795). 

D*  foliis  oppoaitis  suboppositie  vd  aitemis,  ovdlibus  vd  obUmgis,  apice  rotundatis  vel  leviter 
o/nfftistcUis,  basi  cunecnUs  vel  rarivs  rotundatisy  pubeacentibus  tenuiter  coriaceis,  petiolatia ;  peduii^ 
cvlis  florum  mascuhrwn  longitudine  petioli  plurifloris,  calyce  oampanuUUo,  tomentoeo^  breviter 
4 — 5-lobo,  staminibus  12 — 16,  rarius  8,  glahris  vel  antherie  leviter  hirsutis;  floribus  femineie 
^olitariia  breviseime  pedHncuiatis  6 — 4Mner%8,  staminodiis  8  vel  10,  ovario  4 — (8-)  locidarij  frm^ 
tibus  globoeie  vel  ovoideU^  puhescentibus  vel  gldbratis,  plerumque  i^spermie;  aUmmine  ruminato. 

Alph.  DC.  Prodr.  viii.  p.  224.  n.  7  (1844),  non  Blum,  nee  Hassk. 

D.  Wigktiana,  WaU. !  List  n.  4406  (1828—32),  Alph.  DC.  Prodr.  viii.  p.  223.  n.  2,  Beddom. 
Fl  Sylv.  Madras,  t  67  (1870). 

D.  Boylii,  Wall  List  n.  4134  (1828—32),  D.  Roylei,  Alph.  DC.  I  c.  p.  239.  n.  89. 

D.  dvbia,  Wall.  n.  4407,  Alph.  DC.  I  c.  p.  223.  n.  4,  non  Goepp. 

Cfi:.  D.  rubiginosa,  Roth,  Nov.  PL  Sp.  p.  385  (1821),  ot  D.  montana,  Heyne  ex  Roth  I  c, 
Hon  Roxb. 

TuffM  Tumi  and  Tumbi  in  Tamil  and  Telugu,  ex  Beddome,  Fl.  Sylv.  Madr.  t.  67  (1870) ; 
Tumida  of  the  Telingas,  ex  Roxb.  I  c ;  Tumballi  of  the  Tamuls,  ex  Roxb.  Fl.  Ind.  edit.  1832, 
vol.  II.  p.  531;  Tindoo  of  the  Hindoos  ex  Roxb.  Lc;  (Tendoo,  Beddome);  Coromandel  ebony 
tree;   Thomboorah  Marum  in  Hb.  Wight;    Toomrie,  Dr  Ritchie  (Belgaum). 

A  large  tree  with  a  trunk  8 — 10  feet  in  circumference,  sometimes  only  a  small  shrub ; 
dioecious;  young  shoots  very  downy,  pale-ferruginous.  Leaves  opposite  subopposite  and 
alternate,  pubescent  especially  beneath,  thinly  coriaceous,  oval  or  oblong,  cuneate  or  rarely 
rounded  at  base,  rounded  or  somewhat  narrowed  at  apex,  2 — 6  in.  long  by  1 — 2^  wide; 
petioles  I — i  in.  long;  veins  less  conspicuous  than  in  D.  Tupru;  deciduous. 

<J.  Flowers  | — J  in.  long,  in  panicled  tomentose-ferruginous  drooping  cymes  J— J  in. 
long,  longer  than  the  petioles,  several  or  many  together,  with  small  bracts  at  base  and  apex 
of  short  pedicels.  Calyx  shortly  4 — 6-lobed,  campanulate,  tomentose  on  both  sides.  Corolla 
4 — 6-lobed  at  apex,  glabrous  inside,  densely  silky  outside,  1\ — 3  times  the  length  of  the  calyx. 
Stamens  12 — 16  (rarely  8  only),  in  pairs  when  16,  glabrous  or  with  lines  of  short  hairs  back 
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and  front  on  the  anthers  which  are  longer  than  the  filaments ;  ovary  wanting  or  rudimen- 
tary and  hairy. 

9 .  Flowers  rather  larger  than  the  male,  solitaiy,  subsessile,  pentamerous  or  tetramerous ; 
calyx  hairy  on  both  sides,  5- winged  (in  D.  WightiaTia,  Wall !)  by  the  patent  projection  of  the 
margins  of  the  lobes ;  staminodes  8  or  10 ;  styles  2  bifid  somewhat  hairy ;  ovary  4 !  ( — 8)  -celled, 
densely  hairy ;  cells  1-ovuled.  Fruit  globular  or  ovoid,  somewhat  hairy  or  glabrescent,  usually 
4-celled  and  4-seeded,  about  1  in.  long;  albumen  of  seed  somewhat  ruminated;  according  to 
Roxburgh  2 — 8  seeds  ripen ;   fhiiting  calyx  nearly  flat  about  §  in.  across. 

Neilgherries  and  Serramallee  Hills,  India,  B.  Wight!  {D,  dubia);  Adjeeghur,  and  Bisrum- 
gunge  ghaut,  Boyle  (Z>.  Roylii);  Belgaum,  Dr  Ritchie!  1108;  Calicut!,  Hb.  Wight!  1723, 
Subbulpore,  1727,  1721,  1725;  Hb,  Griffith/,  3630,3626(1);  Bababoodun  Hills,  Mysore,  Mr 
Law!;  common  in  dry  forests  in  Madras,  according  to  Major  Beddome.  The  ebony  tree  of 
Malabar  and  Coromandel.     Mysore,  a  small  shrub,  common,  Dr  Brandis/,  May  1868. 

It  is  only  the  centre  of  large  trees  that  is  black  and  valuable,  and  the  quantity  found 
varies  with  the  age  of  the  tree.  The  outer  portion  of  the  wood  is  white  and  soft,  and  either 
decays  soon  or  is  destroyed  by  insects  which  leave  the  black  part  untouched.  The  ripe  fruit  is 
eaten  by  the  natives  in  the  Circars,  but  is  astringent  and  not  very  palatable.  The  bark  of 
the  tree  possesses  tonic  and  astringent  properties,  and  in  decoction  proves  useful  in  atonic 
diarrhoea,  dyspepsia  and  diseases  of  debility.  [See  £.  J.  Waring,  PharmacopoBia  of  India, 
p.  132  (1868).] 

Cfr.  D.  decandra,  Lour. 

6.    DiosPYROS  DECANDRA,  Loureiro,  Fl.  CochincL  p.  227  (1790). 

D.foliia  ovato-lanceolatis  vel  ^ellipiicis,  apice  obtuse  a^uminatis,  ba^  plus  minus  angustatis, 
alternis,  tenuiter  coria^eis,  leviter  pubescentibusy  petioUttis;  floribus  femineis  sub-  S-nis,  cymosis, 
4 — b-meris;  corolld  urceoUxtd;  staminodiis  10,  glahris;  ovario  6 — S-loculari;  fructibus  aubglo- 
bosis  eduiibus. 

Alph.  DC.  Prodr.  VIII.  p.  238.  n.  85  (1844),  non  Boj. 

A  large  tree  with  rather  patent  branches,  producing  excellent  heavy  timber,  white  but 
marked  with  many  black  veins  and  sometimes  with  black  heart-wood.  Leaves  thinly 
coriaceous,  slightly  pubescent,  especially  on  the  midrib,  which  is  somewhat  depressed  on  the 
upper  surface,  of  nearly  the  same  brown  colour  (in  the  dry  state)  on  both  sides,  alternate, 
elliptical  or  ovate-lanceolate,  shortly  and  obtusely  acuminate  at  apex,  more  or  less  naiTowed 
at  base,  2 — 3  in.  long  (besides  petiole  -^ — §  in.  long)  by  -^ — IJ  in.  wide;  venation  as  in  i). 
melanoxylon. 

9.  Inflorescence  rufous-hairy,  more  or  less  glabrescent;  peduncles  axillary,  ranging  up 
to  i  in.  long  or  rather  more,  bearing  3  or  more  flowers  on  short  pedicels.  Flowers  whitish. 
Flower-bud  depresso-ovato,  ^  in.  long  by  ^  in.  thick ;  calyx  deeply  4— 5-fid,  enclosing  the 
young  corolla,  with  valvate  (?)  deltoid  lobes  whose  sides  are  somewhat  revolute ;  corolla 
shortly  lobed,  glabrous  inside,  tube  urceolate,  lobes  obtuse,  reflexed  in  full  flower;  staminodes 
glabrous,  10  according  to  Loureiro,  short,  inserted  at  the  base  of  the  corolla.  Ovary  6-  or 
8-celled  and  -ovuled;  ovules  pendulous.  Style  short,  lobed  at  apex.  Fruit  compresso-rotund 
or  subglobose,  subglabrate  at  least  in  part,  6 — 8-celled  in  the  cases  examined,  about  1  in.  in 
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diameter  or  perhaps  larger,  yellow,  edible,  pulpy,  sweet  but  astringently  so,  6 — 8-seeded, 
strongly  scented,  not  very  pleasant  to  the  taste.  Fruiting  calyx  spreading,  nearly  as  wide  as 
the  fruit  when  young.    Seeds  bony,  **  compresso-ovate." 

The  fruit  according  to  Loureiro  is  brought  to  market  for  sale. 

N.  Cochinchina.     Loureiro !  A.D.  1774  (seen  in  Hb.  Mus.  Brit.).     Local  name  Cay  Thi. 

Yerj  possibly  D.  melanoxyUm,  Soxb.  ought  to  be  united  with  this  species ;  but  the  leaves 
in  the  latter  are  all  alternate,  so  far.  as  the  specimen  seen  by  me  shewa 


7.    DiosPTROS  STLVATiCA,  Roxb.  Coromand.  p.  37.  t  47  (1795). 

D.  foliis  altemis,  ovcUibus,  BCBpe  acuminatis,  hasi  angustcLtia,  vix  coriaceis,  glahria  vel  svb- 
gldbris,  breviter  petioUitis;  floribua  mascidis  cymosis,  oo-nw,  globosis,  parvis,  saspvus  4-meri8 
interdum  3-  vel  5-m^m;  staminibus  13 — 22,  ghinis;  floribua  femineis  solitariis  pedunculatis, 
saspe  in  ramvlis  jumorHms  racemose  dispoeitis,  4 — 3-mm9,  globoeis;  etaminodns  4,  glabris; 
ovario  8-  vel  Q-loculari;  frucUbus  globosis;  aUmmine  rufniruUo. 

Alph.  DC.  Prodr.  viil.  p.  231.  n.  41  excl.  var.  fi  velutina  (1844). 

Thw.  Enum.  CeyL  PL  p.  178.  n.  3  (1860). 

Bedd.  la  PL  Ind.  Or.  (Part  vii.)  p.  25.  1. 121  (1871). 

D.  aritensis,  Klein  ex  WiDd.  Sp.  PL  rv.  p.  110  (1805),  Alph.  DC.  lo.  p.  230.  n.  36,  non 
Wight. 

Native  names:  TeUorgada  of  the  Telingas;  Ndla-gada  (Hb.  Roxb.);  Soodoo-Kadoombai- 
reya-goM  in  Ceylon. 

A  pretty  large  tree;  foliage  turning  black  when  dry;  branches  spreading  at  60* — 75^ 
glabrous  or  the  young  shoots  pubescent.  Leaves  alternate,  oval,  pointed  or  acuminate,  thin, 
usually  somewhat  narrowed  at  base ;  nearly  or  quite  glabrous,  2 — 6  in.  long  by  | — 3  in.  wide ; 
petioles  J — ^  in.  long,  often  puberulous ;  midrib  and  veins  depressed  on  upper  side,  but  not 
conspicuous;  lateral  veins  not  very  close. 

J.  Cymes  axillary,  several-  or  many-flowered,  ^ — ^  in.  long  (excluding  the  flowers), 
more  or  less  shortly-pubescent;  ultimate  pedicels  short;  flowers  small,  -f^ — fin.  long,  white 
and  fragrant  when  growing,  3 — 5-merous,  usually  4-merous ;  calyx  very  short  -^ — ^  in.  high 
by  -^  in.  wide,  3 — 5-fid,  pubescent  or  ciliate,  glabrous  inside;  corolla  obconic-subglobular, 
lobed  at  apex,  nearly  glabrous;  stamens  13 — 22,  mostly  in  pairs  and  inserted  at  base  of 
corolla,  glabrous  (or  rarely  with  a  few  short  hairs) ;  anthers  about  the  length  of  the  filaments, 
dehiscing  laterally  from  apex;   ovary  rudimentary,  somewhat  hairy  at  apex  or  glabrous. 

9 .  Flowers  solitary,  on  peduncles  ^ — J  in.  long,  larger  than  the  ^  ,  3 — 4-  usually  4- 
merous;  staminodes  4,  glabrous,  alternating  with  the  corolla-lobes;  ovaiy  6-  or  8-celled, 
glabrous  or  hairy  at  apex;  cells  1-ovuled;  styles  3  or  4;  fruit  globose,  glabrous  or  with  a 
few  appressed  hairs  around  apex,  |  in.  or  more  in  diameter;  fruiting  calyx  spreading,  accres- 
cent, j  in.  in  diameter.  Seeds  2 — 8 ;  albumen  somewhat  ruminated.  Wood  very  hard,  used 
for  £Emcy  work. 
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India,  Circars,  Roxburgh  !;  Concan,  Law  !;  Bombay,  Law  /,  3000  ft.  alt,  Ceylon,  ThwaiteB ! 
C.  P.  2729,  damp  forests  up  to  4000  ft.  alt. 

a    DiosPYBOS  KuEZii,  sp.  nov. 

D.  foliia  altemis,  ovato-ovalibus,  mox  glabratis,  apice  acuminatts,  lasi  cuneatis,  breviter 
peHolatis,  nitentibus,  nervia  lateralibus  crebris  tenuibua;  fioribus  femineis  ^ui-S-nig,  breviter 
cyTnosia,  tetrameris,  wrceolatis;  etaminodiia  4,  glabris;  ovario  4i'locular%,  inmdato,  etylis  2, 
basi  connatis. 

Young  branches  pubescent  with  short  appressed  silky  fulvous  or  brown  hairs;  branches 
at  about  40^  Leaves  ovate-oval,  quickly  glabrescent,  alternate,  dark,  very  dark  and  shining 
above  with  crowded  delicate  lateral  veins  which  are  also  in  relief  beneath  where  the  leaf 
is  slightly  paler,  acuminate  at  apex,  more  or  less  narrowed  at  base,  thinly  coriaceous; 
2^ — 3  J  in.  long  by  1 — If  in.  wide;  petioles  | — Jin.  long;  midrib  depressed  above. 

9  Cymes  axillary,  | — Jin.  long  (excluding  flowers),  about  3-flowered,  with  very  short 
pedicels,  pubescent,  and  with  small  caducous  bracts  at  base  of  calyx.  Flowers  ^in.  long. 
Calyx  ^in.  long,  puberulous  outside,  glabrous  inside,  shortly  4-fid,  bigger  in  young  fruit 
Corolla  4-lobed  at  apex,  with  rounded  lobes  pubescent  on  both  sides,  urceolate;  staminodes 
4,  glabrous,  alternating  with  corolla-lobes;  ovary  glabrous  except  apex,  4-celled;  cells 
1-ovuled.    Styles  2,  straight,  erect,  slender,  hairy,  long,  connate  at  base. 

South  Andaman,  S,  Kurz! 

9.    DiosPTKOS  EHRETioiDES,  Wall.  List,  n.  4137  (1828 — 82). 

D.  foliis  alternis,  elUpticis,  vix  coriaceis,  discoloribus;  floribus  maaculis  (Xi-nis,  cymosie, 
subglobosis;  etaminibus  22 — 2i),  glabris,  ovarii  rudimento  hireuto;  floribus  femineis  solitariis, 
breviter  pedunculatis ;  fructibus  globosis,  glabratis;  aibwmine  rumiruUo. 

Alph.  D.C.  Prodr.  VTIL  p.  231.  n.  42  (1844). 

2).  moUis,  Wall,  ex  Steud.  Nomencl.  bot.  edit,  il  I.  p.  514  (1840). 

Young  shoots  and  inflorescence  ferruginous-pubescent ;  branches  spreading,  alternate,  terete. 
Leaves  elliptical,  rounded  or  somewhat  narrowed  at  base,  rounded  obtusely  pointed  or 
apiculate  at  apex,  alternate,  thinly  coriaceous  or  submembranous,  glabrous  except  the  veins, 
ferruginous  or  reddish-brown  beneath,  greener  or  slaty-brown  above,  3 — 9  in.  long  by 
^ — ^5 in.  wide;  petioles  | — Jin.  long. 

^  Cymes  compound,  trichotomous,  4  times  the  length  of  the  petioles,  patent,  abundant 
on  the  young  shoots;  bracts  hooked  at  the  apex;  flowers  Jin.  wide,  pubescent,  globose, 
reflexed  on  very  short  pedicels.  Calyx  4-fid,  pubescent,  with  obtuse  lobes.  Corolla  cam- 
panulate,  twice  the  length  of  the  calyx,  with  ciliated  much  contorted  lobea  Stamens 
22 — 29,  glabrous,  subequal,  crowded  on  the  receptacle,  mostly  distinct;  filaments  short. 
Ovary  rudimentary,  represented  by  a  few  hairs. 

9  Flowers  solitary;  peduncles  | — ^^in.  long,  on  the  young  shoota  Fruiting  calyx  with 
recurved  lobes,  somewhat  pubescent  or  nearly  glabrate,  about  Jin.  broad  (when  expanded)* 
fruit  glabrous,  globular,   IJin.  in  diameter;  albumen  ruminated. 

Tavoy  and  Moolmyne,  WaUich!;  Pegu,  M^Ldland!  (Fruits  in  January);  Pegu  and 
Ta  Go,  Tenasserim,  local  name  Aukchinza,  Dr  Brandts/ 
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10.     DiOSPYROS  EOTUNDIFLORA,  sp.  nov. 

D.  foliia  ovcdi-oblongis,  altemis,  apice  acuminatts,  basi  rotundatis,  tenuiter  coridceia,  supra 
nitentibvs  gUxhris,  aubtus  svigldbris,  breviter  petiolatis;  fioribua  masculis  paniculatis,  sub- 
globosis  vd  ovaideis,  4 — 3-mem,  pubescentibm ;  staminibus  14 — 16,  biserialibus,  glabris,  ovario 
rudimentario  hirsiUo, 

YouDg  parts  and  inflorescence  subtomentose ;  branches  cinereous,  terete.  Leaves  ovaJ- 
oblong,  alternate,  acuminate  at  apex,  rounded  at  base,  thinly  coriaceous,  of  rich  brown  colour 
when  dry,  shining  and  glabrous  above  with  veins  inconspicuous,  nearly  glabrous  beneath, 
3 — ^7 in.  long  by  IJ — 2 J  in.  wide;  petioles  shortly  pubescent,  ^in.  long;  lateral  veins 
about    10    on    each  side  the  midrib. 

^  •  Cymes  axillary  and  lateral,  many-flowered,  less  than  1  in.  long ;  ultimate  pedicels 
very  short  or  obsolete;  bracts  ovate,  sometimes  larger  than  the  flowers;  flowers  subglobose 
or  ovoid,  | — Jin.  in  diameter,  pubescent;  calyx  subhemispherical  or  widely  campanulate, 
4-  occasionally  3-fid;  lobes  deltoid;  corolla  shortly  4 — 3-fid,  lobes  rounded;  stamens  14 
— 16,  biseriate,  subequal,  glabrous;  ovary  rudimentary,  hairy. 

Borneo,  0.  Beccari!  n.  3567. 

Near  Z>.  ehretioides,  Wall. 

11.    DiOSPYROS  HIRSUTA,  Linn.  fil.  Suppl.  p.  440  (1781). 

jD.  foliia  altemia,  ellipticis  oblongia  vel  ovatia,  tenuiter  coriaceia,  breviter  petioldtia,  nervia 
latercUibua  acepiua  inconapicuia ;  jloribua  masculia  denae  cymoata,  oblongia,  pvbeacentibua,  4 — 5- 
meria;  ataminibua  5 — 16,  subghhria;  jloribua  femineia  1 — Q-nia;  ataminodiia  5 — 10;  ovario 
4 — lO'hctdari,  loculia  l-ovulatia;  atylia  2 — 5,  brevibua;  fructibua  globoaia  vel  eUipaoideia, 
tomentoaia  vel  glabratia,  calyce  fructifero,  atdlato- vel  depresao-cupuiiformi;  aeminibus  oblongia, 
alhwmine  ruminaio, 

Alph.  DC.  Prodr.  viii.  p.  223.  n.  5  (1844),  Thw.  Enum.  CeyL  PL  p.  181.  n.  15  (1860), 
Bedd.  Icon.  PL  Ind.  Orient.  (Part  Vii.)  p.  28.  t.  137  (1871),  non  Desf. 

A  tree  of  moderate  size,  dicBcious  or  occasionally  monoecious;  produces  an  ebony. 
Buds  inflorescence  and  in  some  cases  the  young  branches  and  underside  of  leaves  pubes- 
cent Leaves  alternate,  more  or  less  elliptical  oblong  or  ovate,  thinly  coriaceous,  obtusely 
or  acutely  acuminate  at  apex,  narrowed  or  rounded  at  base,  glabrous  and  shining  above, 
sometimes  pubescent  beneath,  2 — 12 in.  long  by  1 — 4 in.  wide;  petioles  \ — Jin.  long;  mid- 
rib depressed  on  upper  side ;  lateral  veins  usually  inconspicuous  beneath.  Flowers  subsessile, 
axillary,  4 — 5-merous;  bracts  rounded,  caducous.  According  to  Dr  Thwaites  female  flowers 
are  occasionally  intermixed  in  the  male  cymes  and  in  that  case  are  much  smaller  than 
when  occurring  alone. 

$.  Flowers^ — Jin.  long,  oblong,  in  dense  cymes.  Calyx  hairy  on  both  sides,  4 — 5- 
fid ;  lobes  acute.  Corolla  tubular,  at  least  double  the  length  of  the  calyx,  4 — 6-fid,  glabrous 
inside.  Stamens  5 — 16,  glabrous  or  mainly  so,  when  numerous  often  united  by  the  filaments 
in  pairs.    Ovary  rudimentary,  hairy. 

21—2 
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9.  Flowers  |in.  long,  thicker  than  in  the  9  ,  1 — 6  together.  Margins  of  calyx-lobes 
wavy  and  reflexed.  Corolla-lobes  reflexed,  rounded,  mucronate.  Staminodes  5 — 10;  barren 
anthersi  glabrous  or  with  setose  tips,  filaments  glabrous  or  hairy.  Ovary  ovoid,  covered 
with  ferruginous  or  rufous  hairs,  4 — 10-celled.  Styles  2 — 5,  short.  Fruit  globose  or  ellip- 
soidal, pale-glabrate  or  rarely  tomentose  and  ferruginous  or  rufous,  \ — IJin.  long,  1 — 10- 
seeded.  Fruiting  calyx  stellate-flat  or  shallow-cupuliform,  \ — 1  in.  in  diameter,  4 — 5-fid ;  lobes 
with  reflexed  margins.  Seeds  oblong,  usually  compressed,  transversely  scored  outside;  al- 
bumen ruminated. 

The  following  forms  seem  to  me  di£Scult  to  separate  from  i7.  hirauta,  L.  f,  but  the 
combination  of  them  all  into  a  single  species  makes  it  a  very  variable  and  widely  spread 
one. 

D.  luoida,  Wall.  List,  n.   4127   (1828—32),  non  Hort.,  Alph.  DC.  Prodr.  VIIL  p.  233. 
n.  52  (1844).    =»  (?)  D.  nilagtrica,  Bedd.  Icon.  pi.  Ind   Or.  (Pt.  viL)  p.  27.  t.  136  (1871). 
D.  CandoUeana,  Wight,  Icon.  tt.  1221,  1222  (1850),  non  Thw. 

JD.  Moonii  Thw.  Enum.  Ceyl.  PL  p.  182.  n.  16  (1860),  Bedd.  Ic.  p.  28.  t.  138  (1871). 
Perhaps  a  distinct  species. 

D.  canarica,  Bedd.  I.e.  p.  27.  t.  134.  =  D.  oligandra,  Bedd.  Rep.  Forests  Madras  1867 
—68  p.  25  (1868)  name  only. 

jD.  Thwaitesii,  Bedd.  I.  c.  p.  27.  t.  135.  =  D.  CcmdoUeana,  Thw.  I  c.  p.  181.  n.  14,  non 
Wight. 

The  following  key  serves  to  contrast  the  typical  characters  of  these  forms,  but  inter- 
mediate states  exist. 

Ovary  (6-)  8 — 10-celled;  filaments  of  stamens  often  hairy. 
Ovary  usually  10-celled.    Stamens  5. 

Leaves  elliptical,  narrowed  at  base,     hirsuta  proper. 
Leaves  oblong,  wide  near  base.    Moonii. 
Ovary  8-celled.    Stamens  16.    nilagirica. 

Ovary  4-celled ;   filaments  of  stamens  10—12,  glabrous. 
Staminodes  4 — 5, 

Staminodes  quite  glabrous.    Fruit  pale,  glabrata     CandoUeana. 
Staminodes  setose  at  tip.    Fruit  rufous-hairy,  at  length  glabrate.     Thwaitesii. 
Staminodes  8 — 10,  glabrous,    canarica. 
Hirsuta  proper.    Ceylon,  Thwaitea/  382. 

•Moonii.  Ceylon,  Thwaitea  I  2833;  Moon!;  Walker  I ;  (?)  Tennaserim  and  Andaman, 
Hb.  Heifer  I  3632. 

Nilagirica.  Sispara  ghat,  Nilgiris,  India,  Major  Beddome;  (lucida)  Singapore,  WaUichI 
4127;  Malacca,  Maingay!    970,  973;    Griffith  I  8637. 

CamdoUeana,  Courtallum  and  Quilon,  Wight!  1715,  Canara,  Mangalor,  Wigkk!  1728; 
Hohenacker/  591  (Native  name  Karmam);  Concan,  Dr  OibsonI  128;  Goa,  DdUell!; 
Moollis,  Dr  Ritchie  I  96,  3  (tree  24  ft.  high);  Phoondu  Ghaut,  Dr  Ritchie  I  96/2  (tree 
36ft.);  Bam  Ghaut,  Dr  Ritchie/  96   (Native  name  Kalevin). 

Thwaitesii.    Ceylon,  Local  name  Homedereya-gaes,   Thwaitea/  8394. 
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CanariccL    S.  Canara^  Major  Beddornel  "yields  an  ebony,"  native  name  Kara  mara. 

A  specimen  from  Malacca  {Maingay!  969),  with  less  dense  cymes  and  14  stamens  with 
somewhat  pilose  anthers,  may  belong  to  this  species. 

I  cannot  discover  any  authentic  and  satisfactory  specimen  of  D,  hirsutay  Linn.  fiL; 
there  is  not  a  specimen  so  named  by  the  younger  Linnaeus  in  the  elder  Linnaeus'  herbarium, 
and  one  in  Sir  J.  E.  Smith's  herbarium  sent  from  Ceylon  by  Burmarm  and  labelled  ''  Diospyros 
hirsuta^  H.L.  fiL"  is  not  a  Diospyros  nor  even  a  member  of  the  family. 

12.    DiosPYBOS  MESPlUFOBMis,  Hochst  in  PL  Schimp.  Abyss.  Exsicc.  sect.  ii. 

nn.  655,  1243  (1842). 

2>.  foKis  eUipiicis  vd  oblongia,  aUemis,  tenuiter  coriaceis,  gldbrescentOma  vd  leviter  pur 
bescentibus,  Ireviter  petiolatis,  nervis  inconapicuis ;  fioribus  masctdis  axiUaribus,  6 — 4Hner%8, 
ferrugineo-tometUosis,  breviter  cymosis,  urceolato-oblongiSy  staminibus  10 — 16,  subglabris;  Jlori* 
bus  femineis  1 — 3-ww,  axillaribus,  5 — 4-  rarius  S-meris,  staminodiia  6 — 8,  imiserialibtLs,  glabris, 
ovario  ovoideo  vd  conico^  serioeo,  4-  vel  S-locidarij  loculia  l-ovulatis;  fruct/ibua  subglobosis, 
glabratisy  edulibus,  caiyce  fructifero  margins  undiUato ;  albumins  ruminato. 

Alph.  DC.  Prodr.  vni.  p.  672  (1844). 

D.  ssnegalensis,  Perrott  ex  Alph.  DC.  l.  o.  p.  234.  n.  59. 

D.  bicdoTy  Klotzsch  in  Peters  Mossamb.  i.  p.  184  (1862). 

A  shrub  or  tree  from  6  to  40  feet  high  or  more.  Wood  much  thought  of  by  the 
natives,  white,  compact,  and  useful  for  many  purposes,  or  black  in  the  centre  like  ebony. 
Branches  terete,  brown-cinereous,  glabrescent^  more  or  less  patent;  the  young  shoots  and 
inflorescence  ferruginous-tomentose.  Leaves  alternate,  oblong  or  elliptical,  somewhat  narrowed 
or  rounded  at  either  end,  thinly  coriaceous  (the .  younger  ones  veiy  softly  membranous) 
glabrescent  and  shining,  or  with  scattered  appressed  pubescence  beneath,  often  rubescent, 
especially  on  the  midrib  beneath,  2 — 6  in.  long  by  j — 2 J  in.  wide;  petiole  ^ — J  in.  long; 
midrib  depressed  above,  lateral  and  net- veins  delicate;  margins  just  recurved.  Flowers 
white,  dioecious. 

i .  Inflorescence  axillary,  cymose,  bearing  few  to  many  flowers,  I — |  in.  long  exclusive 
of  the  flowers.  Flowers  ferruginous-tomentose,  about  i  in.  long,  pentamerous,  occasionally 
tetramerous ;  bracteoles  lanceolate.  Calyx  about  ^  in.  long,  5-  occasionally  4-fid,  campanu- 
late  or  campanulate-oblong,  hairy  on  both  sides;  lobes  ovate  or  lanceolate.  Corolla  in 
general  shortly  5-fid,  urceolate-oblong,  twice  the  length  of  the  calyx  or  more,  sericeous  out- 
side, glabrous  inside;  lobes  spreading,  pointed.  Stamens  10 — 16,  often  in  pairs,  nearly 
glabrous  but  with  a  narrow  band  of  light-coloured  hairs  on  the  back  of  the  anthers,  in- 
serted at  the  base  of  the  corolla;  filaments  short;  connective  produced  at  apex;  pollen 
widely  ellipsoidal,  smooth.    Ovary  rudimentary,  hairy,  or  0. 

?.  Flowers  pentamerous  or  tetramerous  or  rarely  trimerous,  solitary  or  in  very  short 
1 — 3-flowered  axillary  cymes ;  peduncles  I — |  in.  long ;  bracts  narrow,  caducous.  Calyx  hairy 
on  both  sides,  campanulate,  deeply  lobed;  lobes  ovate  acuminate  with  undulated  margins. 
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Corolla  pubescent  outside,  glabrous  inside,  exceeding  the  calyx,  shortly  lobed,  lobes  pointed. 
Staminodes  6 — 8,  in  one  row,  inserted  at  base  of  the  corolla,  glabrous.  Ovary  ovoid  or 
conical,  sericeous,  terminated  by  2  short  hirsute  bilobed  styles,  4-  or  8-celled  and  -ovuled. 
Fruit  glabrate  subglobose,  | — 1  in.  in  diameter,  edible,  often  slightly  wrinkled,  4 — 5- seeded. 
Fruiting  calyx  somewhat  or  but  little  increased,  with  undulated  margins,  appressed  to  fruit 
or  spreading.  Seeds  shining,  J — |  in.  long;  albumen  cartilaginous,  somewhat  ruminated; 
embryo  straight;   cotyledons  linear-lanceolate;  radicle  shorter  than  the  cotyledons. 

Difficult  to  distinguish  by  technical  characters  from  the  Indian  species  Diospyros  hirsuta, 
Linn.  fiL,  of  which  it  may  be  taken  aa  the  African  representative;  its  forms  also  are 
subject  to  considerable  variation. 

Tropical  Africa.  Abyssinia;  native  name  Aj4  ov  Ajejeh,  near  Docheladscheranne,  Schimper/ 
sect.  ii.  nn.  655,  1243,  in  S  flower,  June ;  Petit  in  Hb.  Franq.  iv.  ColL  n.  434,  in  fruit ;  Schimper 
(1862) !  n.  155,  September,  4400  ft.  alt.;  Nubia,  Fayohel,  Kotschy  !  n.  470,  in  fruit;  Dr Martin  St 
Ange!  in  young  fruit ;  Tirrn^  Expedition,  nn.  170,  394,  fruit  in  flavour  like  that  of  Theobroma 
Cacao;  Benischangul,  Cienkowski,  n.  96  6;  Gallabat,  Matamma,  Schumnfuaih!  n.  973,  974 ;  Mo- 
zambique, between  Tette  and  the  sea  coast,  Dr  Kirk  !  in  fruit ;  near  Lupata,  Dr  Kirk  !  in  fruity 
January ;  native  names,  Sechuana  dialect,  Makudima;  Tette  dialect,  Kasinjamtolmera  ;  50  miles, 
above  Tette,  Kaurabassa;  Sena,  Dr  Peters!;  Niger,  Barter!  1208,  1334;  Senegambia,  Le- 
priey/r!,  Whitfield!,  Lelierre!,  PerroUet/,  DrDaniell!  ("Mankey  Onuva");  Livingstone  Expe* 
dition,  {"Mocheka**)  Dr  Kirk!;  Angola,  Distr.  Golungo  Alto,  Dr  Welmtsch!  2529,  frequent, 
*' Musolveira  f'  Benguela,  in  woods  from  Serra  da  Xella  towards  Mumpulla,  Dr  Wehvitech! 
2530;  Congo,  in  rocky  and  sandy  woods  near  Ambriz,  Dr  Welmtsch!  2528;  Cape  Coast, 
/ 


13.    DiosPYROS  BUBMANICA,  Kurz  in  Journ.  Asiat  Soc.  Bengal,  Vol  XL.  Pt.  ii  p.  73. 

n.  96  (1871). 

D.  foliis  aUemis,  ovalibtis,  apice  obtusis  vet  hremssime  acuminatis,  basi  rottmdis  vel  sub- 
cuneatis,  breviter  petiolatis,  tenuiter  coriaceis,  junioribus  supra  tomento  tenui  fagad  adspersis 
subtiLS  appresse  tomentosis;  floribus  masculis  4 — Q-meris,  breviter  cymosis,  tomentosis,  urceolato^ 
oblongis,  staminibus  sospius  8,  rarius  14 — 16,  glabris ;  fioribus  femineis  solitariis,  fructibus 
globosis,  glabris,  nitentibiis,  wlgo  At-spermis,  aJbumine  seminum  piUcherrime  rumiTuUo,  caiyce 
fructifero  margine  unduUUo. 

A  small  tree  with  young  parts  appressedly  fulvo-pubescent  Branches  cinereous.  Leaves 
alternate,  oval,  obtuse  or  slightly  acuminate  at  apex,  rounded  or  wedge-shaped  at  base, 
thinly  coriaceous,  covered  when  young  especially  beneath  with  appressed  pubescence,  at 
length  more  or  less  glabrate,  1 — 6  in.  long  by  | — 2  in  wide ;  veins  not  prominent ;  petioles 
^f—im.  long. 

<J.  Flowers  cream-coloured,  urceolate-oblong,  4 — ^6-  usually  6-merou8,  j — Jin.  long, 
fulvo-tomentose,  in  short  3 — 5-flowered  axillary  cymes,  on  young  branches.  Calyx  J — Jin. 
long,  hemispherical,  tomentose  on  both  sides,  shortly  4 — 6-fid ;  lobes  deltoid  or  cordate-ovate. 
Corolla   shortly   4 — 5-lobed,    glabrous   inside;   lobes  rounded,    reflexed.      Stamens    glabrous. 
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usually  8,  occasionally  14—16,   hypogynous  or  inserted  at  base  of  corolla,  about  |in.  long; 
anthers  linear,  acute,  longer  than  the  filaments.    Ovary  rudimentary,  fulvo-pubescent. 

9 .  Flowers  solitary,  pentamerous.  Fruit  globose,  shining,  1 — IJin.  in  diameter,  commonly 
4-8eeded.  Seeds  about  f  in.  long,  reticularly  wrinkled  outside,  shining ;  albumen  grey,  beau- 
tifully ruminated.  Fruiting  calyx  about  fin.  in  diameter,  at  base  of  fruit,  tomentose;  margins 
undulated. 

Burma,  in  sandy  and  hilly  woods,  3rd  Kioudweng,  13  May,  1837,  OrijffUh!  3638  [see 
Journal  of  Travels,  p.  104  (1847)] ;  Pegu,  Zeebenthlah,  October,  1861,  Dr  Brandis !  952 
(vernacular  name  Tayhen)  ;  M^LeUand! ;  Kurz!  3010. 

Authentic  specimens  of  this  species  seen  during  the  printing  of  this  paper  prove  that  it 
embraces  the  specimens  of  Griflfith  and  M^Lelland,  which  I  had  previously  named  D.  octandra 
and  so  printed  on  pages  33  and  41. 


14.    DiosPYEOS  ULTERAus,  sp.  nov. 

D.  ramis  teretibus  cinereis  glahris,  gemmts  et  inflorescentid  feTrugineo-pvhesceTitibus; 
foliis  altemisy  ovcUHms,  apice  tiamtinatis,  hasi  angustatis,  tenuiter  coriaceis  vel  avhrnemhror 
naceis,  glahris,  petiolatis,  nervia  tenuihua  manifestis;  florihua  masctdis  tvbulosis  breviter  cymosia; 
cymia  lateralibua  aecua  ramoa  et  cLxiUaribua,  3 — d-floria;  calyce  oblongo  apice  6 — 6-foJo, 
coroUd  tubuload  plerumqus  S-fidd,  ataminibua  10 — 14,  inasqualibv^af  fere  gldbria,  antheria  apice 
minute  aetuloaia^  filamentia  glairia;  ovario  hirauto  rudimentario. 

Buds  and  inflorescence  ferruginous-pubescent ;  branches  terete,  glabrate,  cinereous.  Leaves 
oval,  alternate,  narrowly  acuminate,  cuneate  at  base,  glabrous,  submembranous  or  thinly 
coriaceous,  2 — 4^ in.  long  by  1 — 2^ in.  wide;  lateral  veins  slender,  manifest,  about  6  on 
each  side  the  midrib,  margins  slightly  recurved;  petioles  J — Jin.  long,  glabrous. 

g.  Cymes  lateral  on  the  older  branches  and  axillary  on  the  younger  ones,  ^ — Jin. 
long,  3 — 9-flowered;  flowers  tubular;  calyx  oblong,  ^  in.  long,  6 — 6-lobed  at  apex,  glabrous 
inside,  lobes  somewhat  spreading,  often  unequal ;  corolla  tubular,  exceeding  the  caljrx,  usually 
5-fid,  lobes  obtuse;  stamens  10 — 14,  very  nearly  glabrous,  unequal,  anthers  minutely  se- 
tulose  at  apex,  filaments  glabrous;  ovary  rudimentary,  hairy. 

Borneo,  0.  Beccari!  n.  1600. 


15.     DiOSPYROS  VEREUCOSA,  sp.  nov. 

27.  Jructicoaa,  foliia  ovato-^bUmgia,  aUemia,  apice  anguatatia,  obtttaia,  mucronvlatia,  baai 
roUmdaiia,  tenuiter  coriaceia,  aupra  aubglabria,  aubtua  appreaae  pubeacentibua ;  fructibua  aoli- 

tarita,  pedunctdatia,  aubtetragono-eUipaoideia  vel  -globoaia,  verrucoaiay  puheacentihua,  ^-locfularibua, 

^apermia;  pedtmculia  robuatia,  paterUibua;  calyce  frucbifero  parvo,  patente,  4s'lobo,  pubeacente; 
aeminibita  oblongia,  atUcatia,  aXbumine  rvminato. 

A  shrub;  branches  numerous,  at  length  glabrescent^  terete;  young  shoots  densely  and 
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shortly  pubescenti  subferruginous.  Leaves  ovate-oblong,  alternate^  tbinly  coriaceous,  some* 
what  nan-owed  and  mucronulate  at  apex,  rounded  at  base,  nearly  glabrous  above  except  that  the 
depressed  midrib  is  sometimes  puberulous,  paler  with  soft  appressed  pubescence  beneath 
and  rufous-pubescent  on  the  raised  midrib  and  lateral  veins;  IJ — 3 J  in.  long  by  | — l^in. 
wide,  including  petiole  -^^ — J  in.  long,  rufous,  densely  puberulous ;  lateral  veins  about  6  on 
each  side  the  midrib. 

?.  Flowers  solitary,  on  distinct  densely  puberulous  rather  slender  peduncles,  axillary; 
bracts  small,  rufous-hairy,  caducous,  near  base  of  peduncle ;  fruiting  peduncles  stout,  thickened 
upwards  with  wide  articulation  at  apex,  nearly  ^in.  across,  puberulous  or  subglabrate,  J — Jin. 
long,  patent;  fruiting  calyx  subtomentose-pubescent  on  both  sides,  spreading,  4-fid^  |in. 
across;  with  depresso-deltoid  lobes  slightly  recurved  at  apex.  Fruit  oblong  or  globose, 
pulpy,  roundedly  4-«ided,  verrucose,  at  length  smoother  with  pale  ferruginous  short  pubes- 
cence between  the  raised  warty  prominences,  obtusely  umbonate  at  apex,  1 — IJin.  long  by 
J — lin.  across  from  one  side  to  the  opposite  side,  4-celled;  cells  1-seeded;  seeds  | — |in, 
long,  enclosed  in  a  thin  chartaceous  envelope,  transverse  section  a  quadrant  of  a  circle 
of  radius  -ftyin.,  shewing  several  intrusions  of  the  testa  into  the  albumen  corresponding 
with  depressed  lines  on  the  exterior  of  the  seed ;  embryo  nearly  straight,  nearly  the  length 
of  the  seed;  radicle  superior,  much  shorter  than  the  compressed  1 — 3-nerved  cotyledons. 
In  one  case  the  calyx  is  triangular  and  flat.    The  pulp  of  the  fruit  is  eaten. 

K  Africa,  Prov.  Zanguebar,  Dr  Kirk  I ;  Zambesia,  Rovuma  R,  20  miles  above  the  mouth. 
Vr  Kirk!,  August  1862. 


16.     DiOSPYBOS  EOBTHALSIAKA. 

2).  glabra,  foliis  aUemia  ellipUcis,  apice  obtuse  acuminatis,  icwi  cuneatis,  caruiceis,  costia 
inconapicuis ;  fructibus  soUtariis,  axUlarilms,  pedunculatis,  glpiris,  apice  cum  stylorwni  reliquiis 
appresse  ferrugineo'hirsutis,  eUipeoideis,  8'locuiaribibs,  Sspermis;  seminibus  ohlongis,  cUbumine 
ruminate, 

Diospyros  macrocarpa,  Korthals  MSS.  in  Hb.  Lugd.  Batav.  Ebenaceaa  No.  2,  non  mihi. 

Glabrous;  branches  (in  dry  state)  drab.  Leaves  elliptical,  cuneate  at  base,  obtusely 
acuminate  at  apex,  alternate,  coriaceous,  2 — 4  in.  long  (besides  petiole  J — |  in.  long)  by 
I — IJin.  wide,  palish  brown  (in  dry  state)  on  both  sides,  shining  above,  midrib  depressed 
above;  veins  inconspicuous. 

Fruit  solitary,  on  axillary  peduncles  which  are  f  in.  long,  suberect,  thickened  upwards 
and  thicker  than  the  extension  of  the  young  bi*anches  from  which  they  grow;  fruit  ellip- 
soidal, glabrous  except  at  apex,  dark  and  shining,  about  1^  in.  across,  by  scarcely  2  in.  (?) 
long,  8-celled,  8-seeded,  tipped  by  appressedly  feiTuginous-hairy  remains  of  style.  Pericarp 
in  the  dry  state  ^^in.  long;  seeds  fin.  long  by  Jin.  wide  and  |in.  thick  in  the  dry 
state,  pendulous  from  inner  side;  albumen  somewhat  ruminated. 

Fruiting  calyx  nearly  glabrate  outside,  appressedly  haiiy  and  smooth  inside,  very  crass. 
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shallowly  cup-shaped,   lin.  across,  4-comered  and  shortly  4-lobed;  about  ^in.  high;  tube 
with  elevated  rim;  lobes  much  thinner,  reflexed;  verrucose-rugose  outside. 
Borneo,  Korthdk/ 


17.    DiosPYBOS  AFFiNis,  Thw.  Enum.  Ceyl.  PL  p.  179.  n.  6  (1860). 

2>.  foliis  aUemis,  ovalibiis  vel  obhngisj  apice  ohtusissimis,  basi  cmffustatis  vd  svhroinmdia^ 
tenuiter  coriaceia,  glabris,  petiolatis;  floribus  mascuLis  3 — 7-ww,  cymosis,  pubeacentSma,  4Hneri8, 
caiyce  apice  hbato,  coroUd  urceolciUhoblongd)  staminibus  6 — 16  glahria  vd  leviter  hirsutis; 
fiorHym  femineis  solitariis,  pedvmcvlatia;  staminodiis  6 — 8,  glahris,  ovario  6  (?)  -loculari; 
ccUyoe  inter  lobos  marsujno^ilatato,  lobie  oouminaMs;  aXbvmine  rvmmct;to. 

Bedd.  Ic  PI.  Ind.  Or.  (Part  vn.)  p.  26  t.  127  (1871). 

A  moderate-sized  tree;  buds  ferruginous  hairy;  branches  quickly  glabrescent.  Leaves 
oval  or  oblong,  alternate,  quite  obtusely  narrowed  at  apex,  narrowed  at  base,  thinly  coria- 
ceous, glabrous  or  puberulous  below,  1^ — 4  J  in.  long  by  \ — l^in.  wide;  petioles  i— iin. 
long;  midrib  canaliculate  above,  net-veins  numerous,  raised  on  both  sides. 

i  .  Flowers  ^in.  long,  cymose,  3 — 7  together;  cymes  \ — |in.  long  excluding  the  flowers; 
ultimate  pedicels  short,  not  exceeding  3^^  ^^^'  C!aJyx  semi-ellipsoidal,  with  short  hairs 
on  both  sides,  4-toothed  at  apex,  Jin.  long.  Corolla  shortly  salver-shaped,  tawny-hairy 
outside;  tube  inflated  below,  constricted  at  top;  lobes  4,  spreading,  oval,  somewhat  pointed 
at  apex,  about  |  the  length  of  the  tube.  Stamens  6 — ^16,  usually  about  9  and  some  or 
all  in  pairs,  shorty  usually  hypogynous  and  unequal;  filaments  glabrous,  shorter  than  the 
anthers  which  are  glabrous  or  somewhat  haiiy.  Ovary  rudimentaiy,  represented  by  a  bunch 
of  hairs. 

?•  Flowers  scditary,  Jin.  long  and  wide;  peduncles  axillary,  \  g^in.  long,  equalling 
or  rather  shorter  than  the  flower,  puberulous.  Calyx  -^in.  long,  hairy  inside,  subglabrate 
outside,  4-fid,  plicate;  lobes  acuminate  with  very  wide  sinuses;  somewhat  enlarged  in  fruit. 
Corolla  shortly  4-fid  with  6 — 8  glabrous  staminodes  at  base  inside.  Ovary  6-celled  (4-celled  ?, 
conical),  hairy;  styles  2,  bifid  at  apex.  Fruit  globular,  apiculate,  usually  4-Beededy  lin* 
long,  finally  glabrous;  seeds  Jin.  long  or  more  by  Jin.  wide,  with  ruminated  albumen. 

Ceylon,  Thwaites!  C.P.  2924. 


la    DiosPYBOS  CRUMENATA,  Thw.  EnuuL  CeyL  PL  p.  179.  n.  5  (1860). 

2>.  foliis  cUtemiSy  ovaJibus  vel  oblongis,  obtuse  et  breviter  acvminatis,  coriaceis,  glabrie, 
petiolatia;  floribua  mascuUs  breviter  cymosis,  3 — B-nis,  tetramerie,  pubeecentibiis,  staminibits 
ciroiter  12,  gldbria;  floribua  femineia  aolitariia,  breviter  pedrmculcUia,  tetrameriay  caiyce  inter 
toboa  maraupio'dilatato,  atamiruxiiia  8,  glabria;  ovario  84ocuiari,  hirauto;  Jructibua  auhgloboaia 
glabreaoentibua,  albumine  rvminato. 

Bedd.  Ic.  PL  Ind.  Or.  (Part  Vll.)  p.  26.  t.  126  (1871). 

A  large  tree;   branches  glabrouB.    Leaves  oval  or  oblong,  alternate,  obtusely  shortiy 
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Sflxd  abruptly  acuminate  at  apex,  rounded  or  narrowed  at  base,  coriaceous^  glabrous,  with 
midrib  channelled  above  and  net-veins  numerous  and  raised  on  both  sides^  2 — 5  in.  long  hy 
1 — 2 in.  wide;  petioles  \ — ^ in.  long,  canaliculate  above. 

g.  Cymes  3 — 5-flowered,  near  together,  about  |  in.  long,  hairy.  Calyx  obscurely  4-dentate, 
glabrous  inside,  ^ — i  in.  long.  Corolla  -j*^  iu.  long,  shortly  4-lobed ;  lobes  recurved.  Stamens 
about  12,  glabrous,  hypogynous. 

?.  Flowers  solitary,  rather  more  than  ^in.  long;  peduncles  hairy,  |in.  long,  thickened 
upwards.  Calyx  Jin.  high  by  Jin.  wide,  shaUowly  4Hlobed,  plainly  plicate,  coriaceous, 
puberulous  outside,  hairy  inside;  lobes  obtuse  or  apiculate  and  rounded;  between  the  lobes 
marsupio-dilated.  Corolla  slightly  exceeding  the  calyx  ferruginous-tomentose,  shortly  4-lobed ; 
lobes  with  undulated  margins  and  tomentose  on  both  sides.  Staminodes  8,  in  one  row, 
glabrous,  inserted  at  base  of  interior  of  coroUa-tube.  Ovary  8-celled,  hairy.  Fruit  subglobose, 
6 — 8-seeded,  1^ — 2  in.  in  diameter,  at  length  glabrous,  resting  at  base  on  tetragonal  thickened 
spreading  calyx,  1|  in.  in  diameter ;  seeds  black,  shining,  1  in.  long,  J  in.  wide,  with  ruminated 
albumen. 

Ceylon,  2000— 4000  ft  alt     ThwaUes!  (XT.  2438. 


19.    DIOSPYBOS  FRUTESCENS,  Blume,  Bijdr.  FL  Ned.  Ind.  p,  668  excl.  var.  (1825). 

D.  foliis  altemis,  eUipticis,  apice  CLcmfiinoitis,  hasi  angustatis,  firmiter  svimembranaceis, 
ffldbris,  nitentibus;  floribtis  femineis  axiUaribua  vd  lateralibus,  tetrameris,  oa-nis;  calyds 
lohis  margine  revoluHa;  coroUd  svlmrceolatd,  4i-fidd;  stamifiodiia  8,  ceqitalibtLS,  uniseriaiibus ; 
ovario  hispido;  fructibus  globosis,  subgldbriSy  succtUentia, 

Alph.  DC.  Prodr.  yiil  p.  230.  u.  38  excL  var.  (1844),  non  Hassk.  Plant  Javw.  rar. 
p.  467  (1848). 

Toung  shoots  puberulous;  branches  dark,  terete,  smooth.  Leaves  alternate,  elliptical, 
firmly  submembranous,  somewhat  narrowed  at  base,  acuminate  at  apex,  glabrous  and  shining, 
2 J — 5 in.  long  by  IJ — 2|in.  wide,  petioles  I — Jin.  long;  veins  inconspicuous  above;  midrib 
depressed  above;    margins  neatly  recurved. 

9.  Cymes  axillary  or  lateral,  fasciculate,  many-flowered,  J — fin.  long  (excluding  the 
flowers),  shortly  pubescent,  ferruginous  (or  fuliginous) ;  common  peduncle  obsolete ;  pedicels 
^-— ^in.  long;  bracts  ovate  acuminate,  near  base  of  pedicels.  Flowers  about  ^in.  long; 
calyx  about  ^in.  long,  puberulous  outside,  deeply  4-lobed;  lobes  with  sides  reflexed  j&x)m 
a  longitudinal  internal  edge ;  corolla  glabrous  except  4  longitudinal  puberulous  lines  outside, 
4-fid,  suburceolate ;  tube  -Jin.  long  and  thick,  lobes  fin.  long  spreadiDg,  ovate,  subciliate 
and  pointed  at  apex  by  inflexion  of  sides  near  apex,  contorted  in  aestivation;  staminodes 
8,  equal,  inserted  in  one  row  near  base  of  corolla^  |  in.  long,  appearing  at  mouth  of  corolla- 
tube,  filaments  longer  than  the  barren  anthers,  hairy  near  top;  ovary  globose  below,  ovoid 
above,  terminated  by  2  hairy  styles,  ferrugineo-  or  (nigro-)  hispid,  4-  (10-)  celled,  4-  (10-) 
ovuled ;  stigmas  emarginate.  Fruit  globose,  subglabrate,  1 J  in.  in  diameter,  succulent ;  (seed 
scarcely  1  in.  long  by  ^  in.  wide,  transversely  sulcate  outside ;  albumen  ruminated).    Fruiting 
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c$lpi  §  in.  across,  spreading,  pubendous  outside,  with  raised  4-Bided  thickened  stellate  border 
inside;  lobes  wide,  short,  undulated. 

Java>  Blums/ 1  Horafidd  drawings  n.  128  (part)  in  Hb.  Kew. 

20.    DiosPTBOS  DENSIFLOBA,  Wall.  List,  TL  4140  (1828—32). 

2).  fdiia  dltemis,  anguste  ovaltbw,  utrinque  obtusis,  interdvm  sitiacutis,  gldbris,  coriaceis, 
mpra  nitidis  venis  tnconspicuisy  petiolatis;  florihus  cymosis,  tetrameris,  pubescentibus,  calyce 
profunde  lobato,  lobis  margins  r^haris,  ooroUd  tubvload,  stanUnibus  15 — 16,  antheria  gldbris, 
filamentis  bremssimis  hirsutis;  fructibus  globosis,  ferrugineo-pUosis,  calyce  Jructi/ero  plicatOj 
seminibus  obUmgis,  transverse  notatis,  aJhvmine  rvminatoiy). 

AlpL  DC.  Prod.  vin.  p.  28a  n.  66.  (1844). 

Branches  glabrous  terete.  Leaves  alternate,  coriaceous,  oval-oblong,  glabrous,  obtuse  or 
obtusely  acuminate  at  apex,  slightly  narrowed  at  base,  4 — Sin.  long  by  1\ — 3} in.  wide; 
petioles  about  ^in.  long,  glabrous,  strong,  wrinkled;  midrib  depressed  and  lateral  veins 
slightly  raised  on  upper  face. 

6.  Cymes  panicled,  about  lin.  long,  hairy,  many-flowered  with  hairy  bracts  and  short, 
pedicels;  flowers  about  i^in.  long,  tetramerous;  calyx  ^in.  long,  hairy  on  both  sides,  4- 
partite,  lobes  ovate  with  reflexed  sides;  corolla  cylindrical,  hairy  outside,  glabrous  inside, 
4  times  the  length  of  the  calyx;  stamens  15 — 16,  anthers  glabrous,  on  very  short  hairy 
filaments;  ovary  rudimentary,  hairy. 

$.  Cymes  fin.  long,  puberulous,  about  12-flowered,  trichotomous ;  pedicels  longer  than 
the  peduncle;  bracts  lanceolate,  at  base  of  pedicels;  flowers  lin.  long.  Fruit  globose,  | — ^in. 
long,  ferruginous-pilose;  seeds  oblong,  transversely  scored,  albumen  ruminated (?).  Fruiting 
calyx  4-partite,  |  the  length  of  the  fruit,  puberulous,  lobes  much  widened  at  base  with 
auricled  imbricated  bases  forming  4  dependent  processes,  plicate;  pedicels  | — |in.  long. 

Moolmyne  bxA  Amherst,  JVaUich/;  Martaban,  Burma,  below  500  feet  alt,  a  small  tree, 
Dr  Brandis! 

21.    DiosPTROS  oocAEPA,  Thw.  Enum.  OeyL  PL  p.  180.  n.  9  (I860), 

D.  foliis  aMemis,  glahris,  ovatis  vel  ovalibus,  apice  obtuse  acuminaiis,  basi  rota/ndatis 
VeZ  parum  angustatis,  tenuiter  coriaceis,  nervis  inoonspicuis ;  floribus  masculis,  3 — 7-^m,  bre- 
r^issime  cymosis,  3 — i-meris,  calyce  subintegroy  vel  dmtaJbo,  coroUca  preefloratione  irreguUvrit 
^tcmimibus  9 — 12,  glabris;  Jloribus  femineis  1 — 3-m9,  subsessiUbus ;  ovario  6 — S-looulari; 
yT'ucHbus  subglobosis  vel  oblongis,  puhervlis  vel  glahmtis,  rugoao^areolatis,  aibumine  non  rvmi- 
«%cito ;  calyce  fructifero  vix  aucto, 

D.  AmoUiana,  Miq.  (in  PL  Ind.  Or.  Hohenacker,  n.  5621)  ex  Thw.  2.C.  p.  428  (1864). 

Ceylon  name  Kaloo-kadoombaireyorgass, 

A  moderate-sized  tree;  young  shoots  pubescent  or  puberulous,  quickly  glabrescent 
Xieaves  alternate,  glabrous,  ovate  or  oval,  obtusely  acuminate  at  apex,  more  or  less  rounded 
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towards  base,  inconspicuously  veined  with  midrib  canaliculate  above,  thinly  coriaceous  2 — 4}  in. 
long  by  1 — 2 in.  wide;  petioles  ^ — Jin.  long. 

i.  Flowers  3 — 7  together,  arranged  in  dense  axillary  fulvous-silky  cymes  equalling 
or  falling  short  of  the  petioles,  with  very  short  pedicels  and  rounded  concave  bracts.  Calyx 
Jin,  long,  tubular,  subentire  or  3 — 4  dentate  (or  even  3 — 4*-fid),  glabrous  inside.  Corolla 
•^in.  long,  3 — 4-fid,  with  obtuse  lobes,  one  of  which  is  completely  enclosed  by  the  others 
in  bud,  the  other  lobes  imbricating  sometimes  dextrorsely  and  at  other  times  sinistrorsely. 
Stamens  9 — 12,  alternately  in  pairs  and  single,  glabrous,  inserted  at  the  base  of  corolla- 
tube  or  some  hypogynous;  the  outer  ones  of  the  pairs  the  longer;  anthers  shorter  than 
the  longer  filaments  (at  least  in  bud) ;   ovary  rudimentary,  hairy. 

9 .  Flowers  1 — 3  together,  scarcely  longer  than  the  male ;  ovary  6— 8-celled.  Fruit 
egg-shaped  when  ripe,  cylindrical  when  young,  scattered  with  short  appressed  ferruginous 
hairs,  glabrescent,  IJin.  long  by  fin.  thick  when  ripe,  rugoso-  or  sub-verrucose,  resting  at 
base  on  scarcely  increased  calyx,  solitary,  2-or  more-celled,  **  usually  6-seeded."  Seeds  with 
albumen  not  ruminated. 

Ceylon,  Thwaites/  C.P.  1914;  Concan,  Dalzelll ;  Bababoodun  Hills,  Mysore,  Mr  Lawf 


22.    DiosPYROS  TRUNCATA,  Zoll.  et  Mor.  in   Moritzi,  Systemat.  Verzeichn.  Javan. 

Pflnzn.  p.  43.  n.  1156  (1846). 

D.  foliis  altemisy  ovali^hlonffia,  apice  obtuse  acuminatis,  boat  cwnedtis,  glabris,  tenuiter 
coriaceia,  bremter  petiolatis,  marginibus  revolutis;  floribus  maacvlis  2 — 8-ww  in  alts  tub- 
sessilihus  vel  breviasime  cymosis,  glabris;  calyce  tvbvloso  subintegro,  corollas  lobis  dcuminatis, 
staminibua  11 — 14,  glabris;  floribus  femineis  1 — 2-nw,  brevissime  pedunctUaUs,  tetrameria; 
calyda  labia  hxtiaaimia  retuaia  reflexia;  caroUoa  labia  acutia,  patenbibua;  ataminodiia  8 — 10; 
atylia  4;  fructibua  S-locularibtts,  glabria. 

J),  laxa,  Teijsmann  et  Binnendijk,  PL  n.  L  Bogor.  in  Kruidk.  Arch.  in.  p.  406  (1855). 

D.  melanaxyUmy  Blume !  Bijdr.  Fl.  Ned.  Ind.  p.  669  (1825),  non  Roxb. 

A  tree  with  terminal  buds  slightly  hairy;  branches  glabrous,  terete,  lax,  widely  spreading 
and  forming  a  beautiful  crown  or  top.  Leaves  oval-oblong,  obtusely  acuminate  at  apex, 
attenuate  or  narrowed  at  base,  thinly  coriaceous,  with  margins  more  or  less  reflexed,  midrib 
depressed  above,  and  delicate  not  contiguous  lateral  veins  inconspicuously  raised  on  both 
sides;  of  a  yellowist  green  colour,  alternate,  glabrous,  3 — 6  in.  long  by  1 — 2  in.  wide;  petioles 
i— i  in.  long. 

<J .  Flowers  2 — 4 — 8  together  on  very  short  axillary  somewhat  pubescent  cymes,  glabrous, 
yellowish  green,  slender,  -^  in.  long;  bracts  small,  pubescent;  pedicels  very  short  Calyx 
tubular,  somewhat  inflated  in  middle,  4-toothed  at  apex,  ^  in.  long  by  J  in.  thick ;  corolla 
tubular,  narrowly  conical  in  bud,  4-fid  (?),  with  acuminate  lobes;  stamens  11 — 12 — 14,  glabrous, 
at  base  of  corolla  or  on  disk ;  filaments  short ;   ovary  obsolete. 

9.  Flowers  1 — 2  together,  ^—\  in.  long,  on  peduncles  about  -j^  in.  long,  axillary,  as 
long  as   the  petioles.    Bracts  caducous.    Calyx  glabrous  with  4  very  wide  retuse  reflexed 
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(short  ?)  lobes ;  corofla  twice  the  length  of  thp  calyx,  4-fid,  with  acute,  patent,  pale-yellow, 
lobes  white  at  the  base;  staminodes  8 — 10;  styles  4  connate  at  the  base.  Fruit  glabrous, 
8-celled,  J^  in.  thick,  globose,  shining;  fruiting  calyx  forming  a  shallow  4-comered  cup  for 
base  of  fruit,  with  4  reflexed  undulate-plicate  retuse  lobes ;  J — |  in.  in  diameter. 

According  to  Moritzi  this  tree  resembles  D.  Ehermm,  linn.  fiL,  and  has  even  ia  the 
young  twigs  indications  of  black  wood  which  becomes  quite  black  in  the  older  branches. 
The  male  flowers  open  in  March. 

In  woods.  Java.  De  Vriese!  S  fl.;  Zollinger!  n.  1156;  Dr  Horsfield/  Ebenaceae,  n.  4, 
in  fruit ;  Binnendijk  I    <J  fl. ;  Hasskarl !  ;   Bhime  ! 

23.    DiOSPYROS  HALESioiDES,  Grisebach  Cat.  PL  Cubensium,  p.  168.  n.  2  (1866). 

2?.  foliis  aUemis,  obovato-ovalibus,  apice  acutatis,  basi  obtuse  cuneatis,  subcoriaceis,  pellvr 
ddo-punctatis,  svAtics  fvlvo-velutinie,  rohusl^  venoais,  suprd  pubeacentihis ;  floribvs  masculis  in 
cymis  bremssimis  axiUaribus  dispositis,  1 — S-nis,  veluiinis,  ccdyce  breviter  4i-fdo  campanulato, 
corolld  urceolato-oblongd,  breviter  4i-fidd,  lobia  ovatis  acuminatis,  staminibus  12,  glabrie;  fruo- 
Ubue  eoUtariie,  stcbsessilibiis,  depreaso^lobosis,  ferrugineO'Sericeis,  S-locularibus ;  ccdyce  fructi- 
fero  ampliaio,  lobia  erecto-patentibus. 

Terminal  buds  ferruginous-hairy;  young  shoots  pubescent  at  apex,  glabrescent  shining 
and  terete  below.  Leaves  alternate,  somewhat  obovate,  acute  and  apiculate  at  apex,  cuneate 
to  an  obtuse  base,  subcoriaceous,  fulvo-velutinous  and  conspicuously  rich-veined  beneath, 
darker  nearly  glabrescent  and  nitescent  above,  except  veins;  midrib  depressed  above; 
1 — 2 J  in.  long  by  J — IJ  in.  wide,  pellucid-punctate;  petioles  -^ — j^  in.  long,  ferruginous- 
pubescent;  bracts  ovate,  small,  fulvo-pubescent. 

S .  Flowers  J  in.  long,  in  (1 — )  8-flowered  sessile  or  subsessile  fulvous-hairy  short  cymes, 
on  short  pedicels;  calyx  campanulate,  fulvo-velutinous,  unequally  4-lobed,  ^ — J  in.  long;  lobes 
deltoid,  acute,  less  than  half  the  length  of  the  tube,  unequal.  Corolla  hairy,  outside,  glabrous 
inside,  campanulate-oblong,  | — J  in.  long,  4-fid;  lobes  ovate-lanceolate.  Stamens  (11 — )  12, 
glabrous,  unequal,  8  in  2  rows  opposite  lobes  of  corolla,  the  inner  4  of  which  are  on  shorter 
filaments  than  the  outer  4  and  inserted  above  them  (or  united  with  them  in  4  pairs)  and 
4  alternate  with  the  corolla-lobes,  and  inserted  on  corolla  near  its  base;  filaments  slender; 
ovary  rudimentary,  fiilvous-hairy. 

(J .  Flowers  unknown.  Fruit  solitary,  sessile,  depresso-globose,  1  in.  thick  by  |  in.  high, 
ferruginous- silky,  8-celled ;  fruiting  calyx  accrescent,  deeply  4-fid,  somewhat  spreading,  1|  in. 
across  the  top ;  lobes  J-ellipsoidaJ,  with  margins  somewhat  recurved ;  albumen  not  ruminated. 

Eastern  Cuba,  Wright/  2936   S  fl.,  2937  in  fruit. 

24.     DiOSPYROS  BORNEENSIS,  sp.  nov. 

D.  foliis  altemiSy  oblongis,  apice  breviter  acuminoMs,  basi  angmtatis,  subglabris,  tenuiter 
coriaceis,  breviter  petiolatis;  floribus  femineis  secus  ramos  vetustos  glomeratis,  pedunculatis^ 
piibescentibus,  calyce  tvhuhso  subintegro,  coroUd  5-fidd,  hbis  ovalibus  reflewis  obtusis;  stami- 
nodiis  10,  unisericdibm,  glabris,  basi  corollas  insertis;  stylo  4i-lobo;  ovario  conico,  ferrugineo^ 
tomentoso,  S-loculari,  hcvlis  l-owiatis;  fructibus  magnis,  globosis,  tomentosis. 
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A  tree ;  wood  yellow^  tough  and  stringy  with  black  streaks.  Terminal  buds  fetraginoils^ 
tomentose;  young  shoots  puberulous;  branches  dark,  glabrescent,  terete.  Leaves  oblong, 
alternate,  thinly  coriaceous,  shortly  acuminate  at  apex,  somewhat  narrowed  at  base,  puberu* 
lous  when  young,  glabrescent,  6 — 6^  in.  long  by  IJ — 2  in.  wide,  including  petiole  ^-^  in. 
long;  canaliculate  on  upper  side,  midrib  depressed  above,  lateral  veins  about  12  on  each 
side,  distinct  on  under  side,  indistinct  above,  forming  (by  anastomosing)  a  marginal  vein 
clearly  marked  beneath;  tertiary  veins  oblique. 

9 .  Flowers  clustered,  greenish  white,  large,  on  distinct  fulvotomentose  peduncles  -^ — }  in. 
long  inserted  on  tubercles  on  older  branches.  Bracts  small,  obtuse,  ^ — ^  in.  long,  at  base 
of  pedunclea  Calyx  about  }  in.  long  by  ^  in.  thick,  finely  fulvo-tomentose  outside,  appress- 
edly  silky  inside,  tubular,  irregularly  and  shallowly  toothed  at  apex.  Corolla  about  8  in. 
long  when  straightened,  nearly  glabrous  but  with  ciliate  maigins  to  the  lobes,  5-fid;  lobes 
oval,  Imbricated,  reflexed.  Staminodes  10,  glabrous,  in  one  row,  inserted  at  base  of  corolla. 
Style  4-lobed;  ovary  conical,  ferruginous-tomentose,  8-celled;  cells  1-ovuled;  dissepiments  thin. 
Fruit  large,  with  a  sweet  black  pulp,  globose,  fulvo-tomentose,  crowned  with  short  style, 
surrounded  half-way  up  by  burst  calyx. 

Native  name  mcdam  kuning.    Tamgong  Yinbong,  Labuan,  rather  uncommon,  Mr  MoUey/  7. 

25.     DiOSPYROS   BATOCANA,  Sp.  nOV. 

D.  foliia  (dtemis,  ovalibibs,  utrinque  rotundoHs,  coriaceis,  glabria,  supra  nitentSnu,  svhtus 
paUidis  cdbidis,  margine  reflexo,  nervia  tenuibus,  peHoUs  rugosia;  florihus  masctdis  aesailihua 
glomeratia  aecvs  ramoa  annotinoa  in  nodtdia  diapoaitia,  pentameria,  fuligineo-hiapidia;  calyce 
apice  lobato,  coroUd  crassd,  avoided;  ataminibua  cirdter  12,  glahria,  inoequalihua^  ovaWi  rvdi^ 
mento  hiapido. 

A  large  bush,  quite  or  nearly  glabrous  except  the  buds  and  inflorescence;  branches 
nigro-cinereous,  spreading  at  about  45^  Leaves  alternate,  oblong-elliptical,  shining  above, 
whitish  beneath,  firmly  coriaceous,  glabrous  or  with  a  few  minute  black  sets  beneath,  more 
or  less  rounded  at  both  ends,  with  reflexed  margins  and  veins  in  delicate  relief  on  both 
sides,  2 — 2|  in.  long  by  | — 1  in.  wide ;  petioles  i — ^  in.  long,  thick,  angular,  obliquely  and 
in  other  directions  wrinkled,  often  twisted  or  recurved. 

i.  Inflorescence  arranged  on  nodules,  covered  with  fuliginous  and  ferruginous  hispid 
hairs,  on  the  branches  of  previous  season ;  flowers  sessile,  several  together,  clustered ;  bracts 
at  base  of  calyx;  calyx  fuliginous  and  ferruginous-hispid  on  both  sides,  6-lobed  at  apex; 
corolla  fuliginous-hispid  outside,  5-fid,  pale  and  glabrous  inside,  crass,  ovoid;  lobes  imbri- 
cated sinistrorsely,  obtuse;  stamens  1^^16(?),  glabrous,  unequal,  on  short  filaments;  ovary 
wanting,  represented  by  ferruginous  hairs. 

Tropical  Africa,  Setoka,  "Mikumbo,"  Batoka  country,  Dr  Kirk/,  fruit  eaten,  S  fl.  July. 

26.    DiosPYROS  QiT.«siTA,  Thw.  Enum.  Ceyl.  PL  p.  179.  n.  7  (1860). 

D.  foKia  akemia,  eUipticia  vd  oblongia,  ap%c$  Ireviter  et  dbrupte  acufninatia,  ohtuaia,  boat 
parum  angustatia,  gldbris,  coriaceia,  peHokUia,  nervia  reticulatia  gracilibua;  floribua  maaGulia 
3 — Q-nia,  hreviter  cymoaia,  i^^i-meria,  kirautia,  calyce  tubukao  apice  dentaio;  skominibua  16« 
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gldbria,  ovarii  rudimento  hirsvito ;  floribus  femineis  soUtariis,  pedunculatis,  pentameris,  calyce 
inter  loboa  maravpio'dilatato,  lohii  acutiuscvlia ;  fructibus  subgbboaia,  exteme  mgosis,  evbglor- 
6m,  8eminibu8  compressis,  aUmmine  rum  rumimUo. 

Bedd.  Ic.  PL  Ind.  Or.  (Pt  vii.)  p.  26.  1 128  (1871). 

A  large  tree,  nearly  glabrous  except  the  buds  and  flowers ;  branches  terete,  dark,  spreading 
at  about  40*.  Leaves  alternate,  coriaceous,  elliptical  or  oblong,  abruptly  and  shortly  acumi- 
nate, somewhat  narrowed  at  base,  glabrous  except  a  few  scattered  weak  appressed  hairs 
beneath ;  3 — 7  in.  long  by  1 J — 3  in.  wide,  turning  fuscous  in  drying,  with  petioles  canalicu- 
late and  about  ^  in.  long,  midrib  depressed  on  the  upper  surface,  lateral  veins  numerous,  not 
conspicuous. 

^  .  Cymes  3 — 9-flowered,  pilose,  about  equalling  the  petiole ;  flowers  (closed)  f — |  in. 
long.  Calyx  -^  in.  long  by  -^  in,  wide,  obscurely  4 — 5-lobed  at  apex,  pubescent,  tubular^^ 
somewhat  inflated  about  middle ;  lobes  depresso-deltoid ;  corolla  about  |  in.  long  (closed), 
oblong,  clothed  outside  with  subferruginous  felt,  4 — 5-lobed ;  lobes  ovate,  about  |ths  depth 
of  corolla-tube ;  stamens  16,  hypogynous,  glabrous,  not  united  in  pairs,  ^  in.  long ;  anthers 
longer  than  the  filaments;  ovary  rudimentary,  haiiy. 

9.  Flowers  solitary,  pentamerous;  corolla  shortly  5-lobed;  fruiting  calyx  6-fid,  mar- 
supio-dilatated  with  ovate  cordate  lobes  having  reflexed  sides  and  base,  hairy  inside,  1^  in. 
across ;  fruiting  peduncle  stout,  patent,  }  in.  long ;  fruit  subglobose,  2  in.  in  diameter  (imma- 
ture), rugose,  nearly  glabrous,  8-celled  (t) ;  seeds  1  in.  long,  shining,  compressed ;  albumen  not 
ruminated. 

According  to  Dr  Thwaites  thia  tree  is  the  true  Calamander  of  the  Gnghalese ;  in  Ceylon 
it  is  called  Kaloomidereyorgcbss. 

Ceylon,  Thwaitea/  (X  P.  3010. 

27.    DiosPYBOS  TOXiCARiA,  sp.  nov. 

i).  foUis  aitemiSf  elongato-ovatis,  apice  acuminatisy  hasi  rotundie,  gldbris,  nitentibria, 
eariaceis,  subtus  reiiculatis;  petiolis  rohustia;  floribus  masculis  ferrugineO'tomentosis,  aessilibus, 
aggregate,  e  puLvino  convexo  surgentibus^  bracteis  basi  obtectis,  calyce  apice  lobato,  corolld 
breviter  i-fidd,  staminibvs  11 — 13,  ghhrisy  ovarii  rudimento  dense  pUoso;  fructihus  soUtariis, 
subsessiUbuSy  ferrugineo-tomewtosis^  siibglobosis,  S-locuiaribus ;  calyce  /ructifero,  cyathiformi, 
breviter  4-Zo&o,  aucto, 

A  tree,  20 — 30  feet  high,  glabrous  except  the  fruit  and  inflorescence,  bark  rather  rough, 
gum  sometimes  exudes  from  it.  Leaves  elongate-ovate,  rounded  at  the  base,  acuminate 
at  the  apex,  alternate,  coriaceous,  shining,  2| — 5  in.  long  (besides  robust  petiole  about  ^  in. 
long)  by  1 — 2  in.  wide,  midrib  depressed  above,  finely  reticulated  as  in  D.  tesseUaria. 

i.  Flowers  5 — 12  together  sessile  or  axillary,  very  short  ferruginous  hairy  dense 
nodular  cymes;  bracts  imbricated,  unequal,  ferrugineo-tomentose  outside,  nearly  glabrous 
inside,  oval,  some  (outer  ones)  \  in.  long;  buds  ovoid,  ferrugineo-tomentose,  J  in.  long; 
ealyx  lobed  at  apex,  hairy  outside,  glabrous  inside.  Corolla  shortly  4-fid,  hairy  outside, 
glabrous  inside.    Stamens  11 — 13,  glabrous;  ovary  wanting;  receptacle  hairy.    Native  names 
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Sifatatu,  Alacainisi.     Madagascar,   Tranomaro,  sands   near  the  sea>  July  1862,  Dr  MeUer/ 
Natives  say  that  birds  die  soon  after  eating  the  fruit. 

9  .  Bracts  caducous,  imbricated.  Fruit  solitary,  ferruginous-tomentose,  subsessile;  young 
fruit  scarcely  the  length  of  the  accrescent  calyx,  ovoid  or  subglobose,  J  in.  high,  umbilicate- 
depressed  at  apex,  8-celled,  8-ovuled;  pericarp  thick;  fruiting  calyx  ferruginous-tomentose  on 
both  sides,  cup-shaped,  shortly  4-lobed.  Native  name  Vorangi.  Madagascar,  Tranomaro, 
July  1862,  Dr  Mdler/ 

The  following  may  belong  to  this  species: 

(1)  Specimen  with  ovoid  fruit  ferruginous-tomentose  2  in.  high,  fruiting  calyx  IJ  in. 
across  appressed  to  base  of  fruit,  leaves  4 J — 6^  in.  long  by  1| — 2^  in.  wide;  Madagascar, 
Ldstellel    1841,  seen  in  the  Paris  Museum. 

(2)  Fruit  nearly  1  in.  long,  rufous-tomentose.  Fruiting  calyx  spreading  |  in.  across; 
Madagascar,  Ghapelierl    Seen  in  the  Paris  Museum. 

(3)  Fruit  IJin.  long  by  1^  in.  thick,  ferruginous-tomentose,  8-celled;  fruiting  calyx 
spreading.  Without  leaves.  Said  to  come  from  S.  Africa,  but  probably  this  is  a  mistake; 
Oerard!    n.  190,  seen  at  the  Kew  Museum. 

28.    DI0SPTR03  TESSELLARIA,  Poir.  in  Enclyc.  M^th.  V.  p.  430.  n.  6  (1804). 

J),  ramvlis  fusco-cmereis ;  foliia  cdtemis,  ovaMlms  vel  ovatiSy  apice  rotundatis,  boat 
rotundis,  gldbris,  nitentibiis,  coriaceia,  tenuiter  reticulatis,  petiolatis;  floribvs  masculis  sessilibus, 
s(Bpiu8  aggregatis^  e  pidvino  convexo  ferrugifieo  piloso  surgentibus,  tetrameris,  tomentosis, 
bracteis  imbricatis  ovato-rotundatis  extus  sericeis  intiis  glabris;  calyce  apice  lobato,  ataminibua 
12 — 13,  glabris;  floribus  fernvneis  aggregatis,  tetrameris;  frwstibm  subgloboeis,  ferrugineo- 
sericeis  vel  sitbglabratis,  84ocularibiAS,  edvlibus. 

AlpL  DC.  Prodr.  viii.  p.  225.  n.  12  (1844). 

Eberms  tesseUariOy  Commers.  ex  Poir.  Lc. 

D.  Ebenumy  Poir.  I,  c.  p.  429.  n.  4,  non  Eoenig.  , 

D.  reticulata,  Willd.  sp.  pL  iv.  p.  1109,  n.  6  (1805),  Alph.  DC.  I  c  n.  11  excl.  fi  Hmoriana, 
non  Decaisne. 

A  tree  or  shrub  with  dark-cmereous  glabrous  branches.  Leaves  alternate,  oval  or 
ovate,  rounded  at  both  ends,  especially  at  base,  where  they  are  sometimes  slightly  cordate, 
glabrous,  coriaceous,  shining,  finely  reticulated,  8—6  in.  long  by  Ij — 3J-  in.  wide;  margins 
slightly  reflexed;  petioles  stoiit,  ^-^|  in.  long.  Flowers  densely  clustered,  sessile,  arising 
from  lateral  nodules  on  the  young  branches,  fulvo-sericeous,  tetramerous;  calyx  tubular, 
lobed  at  the  apex,  ^ — \  in.  long;  6.  stamens  12 — 13, glabrous,  mostly  in  pairs,  inserted  on 
the  receptacle.  Fruit  globular  or  ellipsoidal,  8-celled,  nearly  glabrate  or  sericeous,  edible, 
S-celled;  fruiting  calyx  hemispherical  or  rarely  flat,  thickly  coriaceous,  sericeous,  lobes 
short,  rounded.    Wood  valuable ;   this  species  probably  yields  the  ebony  of  Mauritius. 

Mauritius,  in  the  forests  of  the  highest  parts  of  the  island,  Bouton/ ;  Ayresl,  Tel/air  I; 
shrub  6 — 8  feet  high,  fruit  good  to  eat,  sweet,  fruiting  calyx  flat,  Bouton  1 
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D.  rubra,  Gaertn.  fil.  Fruct.  et  Sem,  PL  III.  p.  138.  t  208  (1805),  differs  by  a-  flat 
5-lobed  fruiting  calyx  and  10-celled  fruit;  it  may  however  belong  to  D.  tesaellaria,  Poir.,. 
or  if  not  to  D.  chry&ophylloSy  Poir. 

29.    DiosPYKoa  haplostyus,  Boiv.  MSSv 

D,  foliis  altemis,  ovalihua,  apice  anguste  acvminatis,  basi  angustatisy  cmacei»,  nitidis, 
subgldbris,  suhtus  tenuiter  reticulatis,  breviter  petiolatia ;  floribus  masculis  8 — 6-nts,  br^aaime 
cymosis  vd  aggregatis,  ferrugineo-sericeis,  4 — 5-meri8,  calyce  breviter  lobato,  staminibvs  10 — 12, 
glabris,  biseriaUbua;  floribus  femineis  soUtarns,  brevissime  pedunculatis,  ferrugineo-aericei^, 
4 — o-meris,  staminodiis  4,  globbris,  ovario  aericeOy  depresso-glohoso,  S-loculari,  stylo  apice 
4t4obo;  fructibvs  subglobosis,  glabrescentibu's,  S-locuiaribus, 

A  shrub  of  12  feet  or  an  erect  tree  22  feet  high  or  more;  heart-wood  black,  very 
hard;  young  parts  pubemlous;  branches  glabrescerit,  terete,  subcinereous,  smooth.  Leaves 
jJtOTnate,  oval,  narrowly  acuminate  at  apex,  somewhat  narrowed  at  base,  coriaceous,  glabrous 
with  depressed  midrib  above,  highly  and  minutely  reticular  beneath  with  scattered  appressed 
inconspicuous  hairs,  somewhat  undulated,  2 — 3^   in.  long  by   1 — IJ  in,  wide;   petioles  J  in. 

<5.  Flowers  clustered,  3 — 6  together,  subsessile  on  young  branches,  ferruginous-pubescent, 
I  in.  long  by  ^  in.  thick ;  bracts  caducous,  smaller  than  the  flowers ;  calyx  hairy  on  both 
sides,  i  in.  long  by  ^  in.  thick,  lobes  4,  erect,  deltoid,  one-third  the  depth  of  the  calyx  j 
corolla  hairy  outside,  glabrous  inside,  lobes  one-third  the  length  of  the  corolla;  stamens 
10,  12,  glabrous,  hypogynous,  biseriate,  nearly  equal,  ^ — f  in.  long,  anthers  -^  in.  long, 
Unear;   ovary  rudimentary,  ferruginous-sericeous. 

? .  Flowers  solitary,  ferruginous-sericeous,  nearly  j^  in.  long,  very  shortly  pedunculate ; 
calyx  -j*^  in.  long  by  J  in.  thick,  campanulate,  lobes  4 — 5,  ovate  deltoid,  one-third  depth 
of  calyx;  corolla  4-fid,  lobes  somewhat  spreading;  staminodes  4,  glabrous,  short,  alternate 
with  corolla-lobes;  ovary  densely  sericeous,  fleshy,  depresso-globose,  -j^  in.  high  by  J  in. 
thick,  8-celled,  terminated  at  apex  by  style;  style  -j^  in.  long,  4-lobed  at  apex.  Fruit 
ferruginous-sericeous  when  young,  glabrescent,  subgtobose,  IJ  in.  long  by  1  in.  thick, 
8-celled ;  ceUs  1-seeded ;  fruiting  peduncle  ^  in.  long,  sericeous ;  fruiting  calyx  f  in.  long 
and  wide,  hairy  on  both  sides,  campanulate  or  nearly  flat,  spreading. 

Madagascar,  Nossi  Bo,  Boivin/  2108  bis,  PervilUl  439,  505;  mountains  at  Diego, 
Snares,  Bemier/    259   (excL  fr.J. 

30.     DiOSPYROS  MELANIDA,  Poir.  in  Encycl.  M^th.  v.  p.  431.  n.  7  (1804). 

-D.  foliis  altemis,  ovalibus,  utrinque  rotundatis  vet  obtuse  angustatis,  glabris,  coriace%s, 
petiolatisy  mediocriter  reticulatis ;  floribus  masculis  1 — Z-nis,  aggregatis,  sessilibus,  5 — Q-meris, 
calyce  subglabro  apice  hbato,  corolla  5 — Q-fidd,  esctus  sericed,  staminibus  22 — 24,  glabris,  basi 
corollas  insertis;  floribtis  femineis  solitariis,  fructibus  suhglobosis,  sessilibus,  IQ-hcularibus, 
calyce  fructifero  aucto,  5 — 6-foJo,  tubo  concavo^  lobis  recurvis  scepe  undviatis;  seminibus  oblongis, 
aJbvmine  cartilaginea,  non  ruminato. 

Vol.  XII.  Part  L  23 
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Alph.  DO.  Prodr,  vin.  p.  227.  n.  22  (1844). 

Ebenvs  melamda^  Commers.  ex  Poir.  I  c. 

(?)   D.  pterocalyJb,  Boj.  Hort.  Maurit  p.  200.  n.  7  (1837),  Alph.  DO.  I  c.  p.  225.  n.  141 

A  tree  with  glabrous  stem  and  branches.  Leaves  alternate,  oval,  rounded  or  obtusely 
narrowed  at  either  end,  glabrous,  coriaceous,  1 — 8  in.  long  by  J — 3  in.  wide,  petioles  I — J 
in.  long;  margins  slightly  recurved,  net-veins  delicate,  often  coloured  beneath. 

<J .  Flowers  1 — 3  together,  sessile,  5 — 6-merous,  J  in.  long ;  calyx  tubular,  cup-shaped, 
iin.  long,  subentire  or  5 — 6-lobed  at  apex,  subglabrous;  corolla  5 — 6-fid,  silky  outside, 
glabrous  inside,  lobes  oval,  rounded,  sprecuiing  and  reflexed ;  stamens  22 — 24,  glabrous,  inserted 
at  the  base  of  the  corolla ;    ovary  rudimentary,  hairy. 

$  •  Flowers  solitary.  Fruit  sessile,  subglobose,  as  large  as  a  moderate-sized  apple, 
glabrous,  shining,  10-celled,  surrounded  one-third  way  up  by  tube  of  calyx  which  has  5 — 6 
wide  reflexed  and  often  undulated  lobes.    Seeds  oblong,  albumen  not  ruminated. 

Mauritius,  Bouton/  The  following  localities  are  less  certain;  Bourbon,  Richard! ^ 
Boivin!;   Round  Island,  Mauritius,  Sir  H.  Barkly!;  Rodriguez,  Bovton/ 

81.    DiospTROS  NODOSA,  Poir.  Encycl.  M^th.  v.  p.  432  n.  9.  (1804). 

27.  foliis  ovalibus  vel  ohhngis,  aUemis,  utrinque  rotwndatis  vel  obtuse  anguatatis^  glabris, 

coriaceis,  peiiolatis,  mediocriter   retictdatis ;  Jloribvs   masculis    1 — S-nis,  suhsessilibus,  scepius 

b-meris,  calyce   gJabro,  apice  lobato,  staminilus  20 — 32,  glabris;  floribus  femineia  solitariis, 

subsemlibus,  staminodiis  12,  ovario  hirsuto,  stylo  54obo;  Jructibus  svhglobosis,  gldbratis,  odlyce 

fructifero  auctOy  tvbo  cyathiformi,  lobis  erectis. 

Alph.  DO.  Prodr.  vni.  p.  226.  n.  18  (1844). 

2?.  angulata,  Poir,  Ic.  p.  434.  n.  16,  Alph.  DO.  Ic.  p.  226.  n.  16. 

D,  mauritiana,  Alph.  DO.  Ic.  p.  226.  n.  15  (1844). 

J),  macrocalyx,  Alph.  DO.  Ic.  p.  226.  n.  17,  non  KI, 

(?)D.  capensis,  Alph.  D0.1   Ic.  p.  226.  n.  19. 

(?)i).  Neravdii,  Alph.  DO.  Ic.  p.  227.  n.  23. 

(t)  D.  Boutoniana,  Alph.  DO.  I.  c.  p.  236.  n.  72. 

A  glabrous  shrub  or  tree;  branches  especially  of  the  male  plants  often  nodose  at 
the  inflorescence.  Leaves  oval  or  oblong,  alternate,  more  or  less  rounded  at  both  ends 
or  occasionally  cuneate  at  base,  coriaceous,  IJ — 6 in,  long  by  1 — 3 in.  wide;  petioles  I — |in. 
long. 

S,  Flowers  axillary,  subsessile,  about  1 — 3  together;  calyx  glabrous  or  glabrescent, 
subtruncate  or  shortly  4 — 6-  usually  6-lobed  at  apex,  cup-shaped,  about  J  in.  long ;  corolla 
about  J  in.  long,  sericeous  outside,  glabrous  inside,  deeply  4 — 6-  usually  5-lohed ;  lobes  oval, 
spreading;  stamens  20 — 32,  glabrous,  hypogynous  or  inserted  at  the  base  of  the  corolla, 
somewhat  combined  at  base;  filaments  short;  ovary  rudimentary,  hairy. 

9.  Flowei-s  solitary,  axillary,  subsessile;  bracts  imbricated,  caducous';  calyx  shortly 
5-lobed,  nearly  glabrous,  cup-shaped ;  corolla  short ;  staminodes  12,  separate,  inserted  at  base 
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of  coroUa;  ovary  hairy;  style  5-lobed.  Fruit  globular  or  ovoid,  glabrate,  IJ — 2 in.  high, 
resting  at  base  on  cup-shaped  nearly  glabrous  calyx  which  in  some  cases  reaches  half-way 
up  the  fruit  and  has  erect  lobes. 

Mauritius,  Boivin!,   Gardner  !f  Duport/j  Commerson!,  299,  301.    Madagascar,  Boivin! 

D.  capensis,  Alph.  DC.  is  reported  from  the  Cape  of  Good  Hope,  probably  by  mistake. 

Perhaps  ought  to  be  united  to  /)•  melanida,  Poir. 

32.    DiosPTBOS  ANONiEFOLiA,  Alph.  DC.  Prodr.  vilL  p.  227.  n.  21  (1844). 

D.  folvis  eUiptico-oblongis,  aUemis^  obtusis,  bast  wiacutis,  glabris,  suhmembranaceis,  petUh 
latia;  flaribus  masctdis  OffgregcOis,  subaessUibus,  cdlyce  elongaUhcyathiformi,  boat  acv4^,  gldbro, 
obscure  h-lobo;  caroUd  projimde  b-fidd,  extua  aericed;  staminibus  20 — 24,  geminatia,  glahria, 
caroUcB  baai  inaertia. 

Branches  and  buds  glabrous.  Leaves  alternate,  elliptic-oblong,  obtuse,  glabrous,  submem- 
branousy  subacute  at  the  base,  5-— 7 in.  long  by  2 — 3 in.  wide,  paler  beneath;  petioles  ^in. 
long. 

i.  Flowers  fascicled,  5 — 15  together,  subsessile;  bracts  ovate,  glabrous,  caducous;  calyx 
elongate,  cup-shaped,  acute  at  the  base,  smooth,  glabrous,  obscurely  5-lobed  at  the  apex, 
^in.  long;  corolla  deeply  5-lobed,  silky  outside,  rather  longer  than  the  calyx.  Stamens 
20 — 24,  united  in  pairs  at  base,  glabrous,  inserted  at  base  of  corolla. 

Mauritius  (or  Bourbon?)  ex  Alph.  DC.  Ic, 

Perhaps  ought  to  be  united  to  J),  nodoaa  or  to  D.  mdanida  or  to  both. 

33.    DiosPYROS  LEUOOMELAS,  Poir.  EncycL  M^th.  v.  p.  432.  n.  8  (1804). 

D.  foliia  altemia,  ovalibua  vd  orbictdaribua,  apice  rotundia,  baai  cordatia,  aubampleari- 
cauttbtia,  coriax^eia,  glabria,  nitidia,  aulaeaailibua ;  floribua  dicecia,  1 — S-^ia,  axiUaribua,  aeaai- 
libua,  6 — S-meria;  calyce  tubutoao-campantUaio,  apice  lobato,  extua  aericeo;  coroUd  profunde 
lobatd;  atamintbua  30 — 40,  glabria,  receptacuio  inaertia;  fnictibiia  aolitariia,  glabria,  caJyce 
cyaHhiformi  duplo  et  ultra  longiortbu^a,  8 — YZ-hcuUxribua. 

Alph.  DC.  Prodr.  VIIL  p.  236.  n.  70  (1844), 

Ebenua  leucomelaa,  Commers.  MSS.  vu  149  Ic.  ex  Poir.  l.c. 

Dioapyroa  reticulatay  Sieb.!  PL  Maurit.  n.  114.  non  Willd.  nee  Decaisne. 

Dioapyroa  amplexicaulia,  LindL  et  Paxt  I    Flower  Garden,  il.  p.  11.  n.  271.  fig.  139  (1851). 

JXoapyroa  Commeraoni,  Qaertn.  fil.  Carp.  m.  p.  136.  t.  208  (1805). 

R  mdwnida,  Neraud  ex  Alph.  DC.  Prodr.  vili.  p.  236.  n.  70  (1844),  non  Poir. 

Cfr.  D.  Hebenaater,  Gaertn.  Fruct  et  Sem.  Plant,  n.  p.  478.  t.  179.  f.  9  (1791),  non 
J).  Ebenaater,  lletz. 

A  lofty  tree  with  white  wood  but  with  black  lines  in  the  heart;  trunk  with  a  dark 
bark,  much  branched;  branches  glabrous,  pale-cinereous,  spreading  at  about  40^  Leaves 
oval  or  orbicular,  alternate,  subsessile,  cordate  at  base,  rounded  at  apex,  subamplexicaul, 
coriaceous,  quite  glabrous  and  shining;  often  marked  by  coloured  net-veins  and  occasionally 
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by  black  blotches;  2 — SJln.  long  by  IJ — 3} in,  wide;  petioles  ^^j — Jin.  long.  Bracts  im- 
bricated, subtomentose  with  grey  hair,  rounded,  -j^in.  high  by  Jin.  wide,  surrounding  the 
base  of  the  calyx. 

3.  Flowers  1  or  few  together,  axillary  on  young  shoots  or  clustered  on  the  shoots 
of  previous  season,  sessile ;  calyx  tubular,  somewhat  campanulale,  with  usually  6  short  teeth 
at  apex,  covered  outside  with  short  brown  or  cinereous  tomentum,  J — J  in.  high ;  corolla 
campanulate,  6 — 5-lobed,  shortly  ferruginous-sericeous  outside,  glabrous  inside;  tube  \ — h^^ 
long;  lobes  Jin.  long,  spreading  and  recurved  at  extremities.  Stamens  30 — 40,  glabrous, 
inserted  on  the  receptacle,  nearly  equal;  anthers  linear  |in.  long;  filaments  about  t^in. 
long,  often  somewhat  combined  at  base ;  ovary  only  represented  by  a  trace  of  hair. 

9.  Flowers  arranged  as  in  ^.  Fruit  sessile,  solitary,  on  branches  deprived  of  their 
leaves  (in  the  diy  state),  very  glutinous,  ex  Poiret,  glabrous  ex  Alph.  DC,  depresso-globose, 
umbilicate  at  the  apex,  about  1  in.  high  by  1\  in.  thick,  8 — 12-celled;  fruit-calyx  cup- 
shaped,  about  i  the  height  of  the  fruit  which  it  receives,  6-lobed  at  apex,  coriaceous ;  seeds 
cinereous,  |in.  long;  albumen  n<^t  ruminated,  white. 

Mauritius,  Commerson ! ;  Sieher!  114;  on  the  crest  of  the  mountain  to  the  left  of 
the  second  Fenetre,  above  the  French  fort,  Sept,  $  fl.,  Ayres ! ;  in  forests  on  mountains 
at  Savane  and  at  Trois  Hots,  Fl.  May,  Dec.  Ayres  MSS. ;  a  specimen  from  Round  Island 
near  Mauritius  without  flower  or  fruit  by  Sir  H.  Barklyt  probably  belongs  to  this  species; 
Madagascar,  Oaertner,  GhapelierJ 

84.    DioSPYROS  CHRYSOPHYLLOS,  Poir.  Encycl.  M^h.  V,  p.  433,  n.  12  (1804). 

D.  ramulis  Jlexuosis,  foliis  lanceolato-ohlongis,  apice  utrinque  obtuse  angustatis,  glahris^ 
coriaceis,  petiolatia;  jlorihus  diceds,  1 — S-nis,  subsessilibus,  5 — 4-mem,  axillaribns;  calyce 
cyathiformi,  extus  pubescente,  apice  lohato,  coroUd  profunde  lobatd,  staminibus  11 — 15,  glabris ; 
ovario  in  fioi^ua  femineis  gldbro,  lO-loculari^  atylis  5 ;  fructibus  solitoi^iia,  globosis,  nitidis* 
7 — lO'loctdaribtis,  caiyce  fnictifero  svitnmcato,  pateriformi, 

AlpL  DC.  Prodr.  viii.  p.  225.  n.  13  (1844). 

A  shrub  or  tree  with  glabrous  flexuous  branches,  subscandent  (?).  Leavis  lanoeolate-oblong, 
somewhat  narrowed  at  base,  usually  more  or  less  narrowed  towai'ds  apex,  obtuse,  2^ — 5  J  in. 
long  by  I — 1|  in.  wide,  besides  petiole  j — ^  in.  long ;  somewhat  paler  and  brilliant  beneath 
(golden-coloured) ;  coriaceous,  margins  reflexed.  Flowers  subsessile,  axillary,  pentamerous  or 
tetramerous.  Calyx  ferruginous-pubescent  outside,  cup-shaped,  dentate  at  apex.  Corolla 
ferruginous-sericeous  outside,  deeply  lobed. 

5.   Flowers  1 — 3  together.     Stamens  11 — 15. 

9 .  Flowers  solitary,  more  than  f  in.  long.  Calyx  ^j — |  in,  long ;  lobes  ^  in.  deep,  widely 
ovate,  wavy  at  margins,  obtuse;  tube  very  crass  especially  at  base,  felted  outside,  glabrous 
and  shining  inside.  Corolla  with  5  short  imbricated  rounded  lobes,  constricted  at  top  of 
calyx,  hairy  outside  in  upper  part,  often  remaining  at  top  of  young  fruit.  Staminodes  9, 
glabrous.  Ovary  glabrous  but  surrounded  at  base  with  a  ring  of  hairs,  10-celled;  styles  5, 
sericeous  at  base;  stigmas  lobed  at  apex.  Fruit  glabrous,  globose  about  lin.  in  diameter, 
shining,  green,  7 — 10-celled.     Fruiting  calyx  subtruncate,  gin.  across  at  top,  glabrescent. 

Mauritius,  Bcjer!,  Gardner/,  JBouton!,  Conimerson/ 
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35.    DiosPTKOS  SENENSis,  Klotzsch  in  Peters  Mossamb.  I.  p.  183  (1862). 

D.  foliis  altemis,  obovato-oblongis,  apice  breviter  acuminatis  vel  rotundatia,  hasi  cuneatis 
vel  svbrotundatis,  sulnnembranaceis,  subtus  flavido-pubescevUibvs,  breviter  petiolatis;  floribus 
I — b-nis,  breviter  cymoeis,  asdUarihis,  tetrameris,  pedicellis  brevissimis;  calyce  anguate  tubun 
lo80,  apice  lobato,  coroUd  ii-fdd,  eUtminibtis  16,  geminatds,  glabris;  in  flore  femineo  8tamin(H 
diis  0,  ovario  glabro{'i),  S-loculari;  frvctibue  solitariis,  glabris,  2 — S-loctUaribtLS, 

A  shrub  from  10  feet  high  to  a  tree  30  feet;  occasionally  subhermaphrodite  or  polygamous; 
brauches  terete,  pale-cinereous  or  smooth  and  reddish;  young  shoots  softly  flavido-pubescent. 
Leaves  membranous,  alternate,  obovate-oblong,  suddenly  narrowed  or  acuminate  or  occasionally 
rounded  at  apex,  cuneate  or  nearly  rounded  at  base,  subglabrescent  and  deep  green  above 
with  depressed  midrib,  somewhat  flavido-pubescent  or  subglabrescent  beneath,  2 — 7J  in. 
long  X  1 — 3i  in.  wide,  besides  hairy  petiole  -^ — J  in.  long.  Inflorescence  axillary,  in  short 
1 — 5-flowered  cymes,  flavido-pubescent,  with  small  caducous  bracts  at  base  of  very  short 
pedicels;    flowers  greenish-yellow,  fragrant;    ^  peduncles  not  exceeding  J  in.  long. 

,5 .  Caljrx  ^ — I  in,  long  by  -^  in.  thick,  tubular,  snbtruncate  or  with  4  short  rounded 
lobes  at  apex,  flavido-pubescent  outside  and  hairy  inside.  Flowers  greenish-yellow,  fragrant. 
Corolla  tubular,  about  twice  the  length  of  the  calyx,  4-fid,  glabrous,  except  4  hairy  line* 
down  the  middle  of  the  lobes;  lobes  oblong,  obtuse;  stamens  16,  glabrous,  in  pairs,  partly 
inserted  at  base  of  corolla  and  partly  hypogjTious;  ovary  usually  rudimentary  or  wanting^ 
occasionally  5-celled  in  subhermaphrodite  flowers. 

9 .  Flowers  shorter  than  in  S ;  staminodes  0 ;  ovary  glabrous  (?),  8-celled ;  calyx  hairy 
on  both  sides.  Fruit  solitary,  glabrous,  but  hairy  around  base  of  style,  acorn-shaped,  "1  in. 
long  by  J  in.  thick;  half  inclosed  in  subtruucate  calyx,  2 — 4 — 8-celled,  not  eaten  (22r. 
Kirk);  style  making  a  short  conical  projection;  fruiting  calyx  shortly  pubescent  especially 
inside;  albumen  homy;  seeds  with  green  vittae  on  surface  (Kirk);  cotyledons  cordate, 
acute,  foliaceous. 

Tropical  Africa,  Mozambique,  Rios  de  Sena>  Dr.  Peters!;  Lower  Shire  Valley,  Dr. 
Kirk/  6  fl.  January;  Lupata,  Dr,  Kirk!,  young  fruit,  January;  Forest  below  Strigogo, 
left  bank  of  Zambezi,  J)r.  Kirk/,  fruit,  April;  North  of  Shire,  Banks  of  Zambezi,  Dr. 
Metier/  <J,  fl.  January;  Abbeokuta^  Dr.  Irving!  141;  Abbeokuta  &c.,  Niger  expedition, 
Barter!  29t),  3251,  3390;  Eppah,  Barter  J  3250  (peduncles  l-flowered,  -^ — ^^  in.  long,  in  bud). 

36.     DiOSPYROS  ROTUNDIFOLIA,   sp.  nov. 

D.  foliis  altemis,  ohovato-rotwndis,  lUrinque  rotwadatis,  glabris,  coriaceis,  breviter  petiolatis, 
margins  revdutis,  nervis  svhtus  inconspicuis ;  floribus  solitariis,  axillaribus,  glabris,  dioecis, 
breviter  peduncuUUis ;  calyce  apice  S-lobo ;  coroUd  o-fldd;  staminibus  30,  glabris,  receptaculo 
insertis;  fructibus  globosis,  apice  umbilicaiis,  nitidis,  undalibus,  S-locularibus  (?);  calyce 
frvctifero  aucto,  apice  5'lobo,  plicato,  pateriformi. 

Young  parts  puberulous;  branches  pale-cinereous.  Leaves  obovate-rotund,  alternate, 
coriaceous,  with  recurved  margins  in  the  dry  state,  rounded  at  both  ends,  | — 1 J  in:  long 
by  -^ — IJ  in,  wide,  bosides   petioles   -^5 — J  in.  long,  glabrous;    veins   inconspicuous   beneath. 
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Peduncles  axillary,  solitary,  crowded  in  upper  axils,  puberulous,  recurved,  -^ — ^  in.  long, 
1-flowered;   bracts  caducous. 

S.  Flowers  glabrous,  about  fin.  long;  calyx  -^in.  long,  hemispherical-campanulate, 
with  5  shallow  apiculate  lobes;  corolla  5-iid,  with  oval  spreading  lobes;  stamens  in  one 
case  30 !,  glabrous,  nearly  equal,  inserted  on  the  glabrous  receptacle;  filaments  short,  straight; 
anthers  about  ^  in.  long,  2-celled,  dehiscing  laterally  from  apex;  ovary  0. 

9 .  Fruiting  calyx  accrescent,  exceeding  the  young  fruit,  ^  in.  high  and  broad,  really 
5-lobed  at  apex  but  apparently  5-fid  by  calyx  being  plicate  and  reflexed  downwards  and  out- 
wards into  5  sides;  quasi-lobea  broadly  ovate  dilated  at  base  and  plicate  so  as  to  make  the 
calyx  5-winged;  styles  5,  connate  at  base,  -^  in.  long,  glabrous;  stigmas  bifid;  young  fruit 
depresso-globose,  i  in.  high,  glabrous,  8  ?-celled ;  ripe  fruit  globose,  umbilioate  at  apex, 
shining,  | — 1  in.  in  diameter ;  fruiting  calyx  pateriform,  | — 1  in.  across,  -j^  in.  high,  with 
raised  border  above,  plicate;   seeds  compressed,  ^  in.  long  by  -^in.  wida 

S.  Africa,  Delagoa  Bay,  Forbes/  34. 

37.    DiosPTROS  ATTENUATA,  Thw.  Enum.  CeyL  PI.  p.  182.  n.  18  (1860). 

D.  foliis  altemis,  anguste  ovatis  vel  oblovgis,  apice  acuminatis,  bast  cuneatis,  tenuiter 
cariaceis,  glabratis,  breviter  petiolatis,  creberrime  venulosis;  floribus  maaculis  3 — 10-ww, 
eubsessUibtis,  oblongis,  4 — 6-mem,  staminibus  4 — 5 ;  floribus  femineis  solitariis,  ovario  4-fo- 
eulari,  frmiihis  ovoideo-conicis,  acuminatis,  subglabrescenUbus,  2 — 3-«permw,  aUmmine  non 
Tuminato. 

Bedd.  Ic.  PL  Ind.  Or.  (Part  vii.)  p.  28.  t.  139  (1871). 

A  moderate-sized  tree;  young  shoots  appressedly  puberulous,  quickly  glabrescent;  leaves 
alternate,  narrowly  ovate  or  oblong,  acuminate  at  apex,  more  or  less  narrowed  at  base, 
quickly  glabrescent,  thinly  subcoriaceous,  2 — 4 in.  long  by  \ — \\  in.  wide;  petioles  ^ — \  in. 
long;  midrib  depressed  above;  net- veins  very  close  together,  in  relief  on  both  sides,  delicate. 

i .  Flowers  clustered,  3 — 10  together,  sessile  or  subsessile  on  ^  in.  long  axillary 
nodules,  strigose  with  black  and  subferruginous  mixed  hairs,  4 — 5-merous;  calyx  ^  in.  long, 
4 — 5-fid,  hairy  on  both  sides,  lobes  narrowly  deltoid.  Corolla  slender  in  bud,  much  ex- 
ceeding the  calyx,  4 — 5-lobed,  1^  in.  long,  lobes  rather  shorter  than  the  tube;  stamens 
4 — 5,  in  one  row,  anthers  glabrous,  connective,  prolonged  at  apex,  filaments  short,  without 
or  with  light  brown  hairs ;  ovary  0  or  rudimentary,  conical,  with  light  ferruginous  hairs. 

9 .  Flowers  solitary,  sessile ;  calyx  \ — J  in.  long,  lobes  more  or  less  reflexed  at  the 
margin;  corolla  but  little  exceeding  the  calyx;  staminodes  4 — 5;  stigmas  2,  short;  ovary 
hairy,  4-celled,  ovoid;  cells  1-ovuled.  Fruit  conical,  with  an  ovoid  base  and  acuminate 
apex,  pale,  softly  hairy  or  nearly  glabrescent,  2--3-seeded;  fruiting  calyx  loose,  deeply 
4 — ^5-lobed,  not  accrescent;  seeds  oblong,  shining,  acuminate;  albumen  not  ruminated. 

Ceylon,  Pasdoon  Corle,  Thwaites!  C.P.  3478. 

38,    DiosPYROS  ACUTA,  Thw.  Enum.  CeyL  PL  p.  182.  n.  17  (1860). 

2>.  foliis  alternis,  lanceohxto-oblongis,  apice  acuminatis^  basi  suhrotundatis,  corio/ceis, 
gldbris,    robuste  petiolatis,   nervis  inconspicuis;  floribus  masculis  aggregatis,  sessilibvs,  4—6- 
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mefiSf  calycis  lobis  kmceolatis,  staminiius  4 — 5;  fiorihua  fenUneia  l-^irwU;  fructfihus  ovoideia 
acuminatis,  2 — S-spermis,  seminihus  acwminatis,  albwndne  non  ruminato. 

A  moderate-sized  tree,  glabrous  except  the  buds  and  inflorescence;  branches  terete* 
Leaves  alternate,  lanceolate-oblong,  acuminate  at  apex,  more  or  less  rounded  towards  basei 
coriaceous,  6 — 12  in.  long  by  IJ — 4  in.  wide,  turning  reddish  beneath  (when  dry) ;  petioles 
J — 1  in.  long,  stout,  channelled  above ;  midrib  depressed  above;  lateral  veins  inconspicuous. 
Inflorescence  appressedly  fulvous-hairy,  dioecious  or  sometimes  monoecious,  in  which  case  the 
female  capitula  are  towards  the  top  of  the  branches,  and  the  male  ones  beneath* 

i.  Inflorescence  dense,  many-flowered,  axillary,  sessile;  calyx  Jin.  long,  4 — 5-lobed 
beyond  the  middle,  lobes  lanceolate,  acute,  hairy  on  both  sides;  corolla  Jin.  long,  4 — 5-fid; 
stamens  4 — 5,  short,  glabrous ;  ovary  rudimentary,  very  small. 

9.  Mowers  1 — 4  together;'  calyx  J — ft  in.  long,  lobes  more  or  less  reflexed  at  the 
margin;  corolla  about  as  long  as  the  calyx;  stigmas  2 — 3,  -ft  in.  long,  spathulate; 
ovary  4-  or  6-celled;  fruit  acuminate,  IJ  in.  long,  resting  on  a  scarcely  increased  calyx,  usually 
2 — 3-seeded;   seeds  shining,  oblong,  acuminate,  1  in«  long;   albumen  not  ruminated. 

Ceylon,  Pasdoon  Corle,  Thimitesf  C.  P.  3476. 

89.     DiOSPTKOS  TBICOLOR. 

D.  Jruidcosa,  foliia  aUemis,  eUipticis,  utrinque  obinisis,  supra  aubglahria  viridibus,  suitm 
aUndO'Sericeis,  costd  ferrugined;  Jloribus  dxiUaribus,  sessilUms,  1 — 4-7iw,  tetrwnieris,  pubes^ 
centibua,  calyce  qiuzdrifido,  oorolld  tviuhsd,  ataminibus  6 — 8  vel  pluribtia,  inosqyudibua ;  floribua 
femineia  aolitariia,  ataminodiia  7 — 8,  ovario  ovoideOj  aericeo,  in  atylum  atibulatwm  atten/uato; 
fractihua  avhpyramidatia,  glabria,  jwrnoribua  4^locuiarihua ;  aemmibua  2 — 4. 

Noltia  tricolor,  Schum.  et  Thonn.  Plant.  Guin.  p.  189  (1827),  in  Kong.  Danske  Vidensk. 
SeL  Phys.  og  Mathem.  Skr.  III.  p.  209  (1828). 

A  much-branched  shrub,  2 — 4  feet  high;  branches  terete,  femiginous-tomentose,  diverg- 
ing, sometimes  flexuous,  procumbent.  Leaves  alternate,  distichous,  elliptical,  obtuse,  nearly 
rounded  at  base,  with  few  lateral  veins,  green  and  glabrescent  above,  white-silky  vdth  the 
midrib  and  margin  often  ferruginous  beneath,  1 — 3  in.  long  by  j — 2  in.  wide,  the  young 
ones  silvery-silky  on  both  sides;  petioles  ft — Jin,  long,  tomentose.  Mowers  solitary  or  3 — 4 
together,  axillary,  sessile. 

iJ.  Calyx  4-fid,  lobes  acute,  silky-tomentose,  ferruginous;  corolla  tubular,  S  times  the 
length  of  the  calyx,  scarcely  dilated  below,  sub-4-lobed,  subcoriaceous,  "  red,"  silky  outside, 
^in.  long;  lobes  acute,  erect,  inflexed  at  the  margin;  filaments  6 — ^"8  or  more,  unequal, 
4  often  double  the  length  of  the  rest,  half  the  length  of  the  corolla,  pubescent  below, 
inserted  on  the  receptacle,  either  distinct  or  2 — 3  together  at  the  baae,"  anthers  subulate, 
erect;   ovary  rudimentary. 

9.  Flowers  solitary;  corolla  rather  inflated  at  the  base;  staminodes  7 — 8,  distinct; 
ovary  ovoid,  silky,  attenuated  into  a  subulate  style;  stigma  acute;  fruit  conical-oblong  and 
ferruginous-silky  when  young,  afterwards  conical,  obsoletely  tetragonal,  yellow,  quite  glabrous, 
lin.  long  by  ^in.  wide,  1-celled,  4-seeded;  seeds  oblong;  pulp  sweetish;  calyx  of  young 
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•cfruit  ^iiL  high,  4-ficr  with  acutely  deltoid  lobes,  erect;  young  frait  4-celled,  2  cells  of  which 
are  each  l-seeded. 

Local  name,  AurribcB.  West  tropical  Africa,  Guinea,  Thonning!,  common  in  the  vicinity 
of  the  shore ;  Cape  Coast,  Brass ! 

I  have  without  doubt  referred  this  plant  to  Dhospyros,  thus  following  the  suggestions 
of  Messrs  Bentham  and  Planchon.  See  Niger  Flora  p.  442  (1849)  and  Annal.  Sc.  Nat  ser. 
;iv.  vol.  3.  p.  293  (1855). 

Plate  V.  fig.  1.     A  fruiting  branch,  from  Brass'  specimen  in  Hb.  Mus.  Brit,  natural  size. 

40.      DiOSPYROS   FULIGINEA,  Sp.  nOT. 

D.  foliis  ovali'OblongiSy  apice  anguste  et  valde  acuminatis,  bam  scepiua  roUimda;tis,  glabris  vd 
suhttbs  svbglabris,  coviaceis,  costd  supeme  depressd,  venis  inconspicuis,  rruirgine.  tenuite/i'  revoluto, 
petiolo  teretiy  rohusto,  fasco;  fructibus  temis,  S4ocularibus,  S'Spermis,  in  cymia  distinctis 
axUlaribus  fuligineo-hispidis  dispositis;  calyce  fructifero  aperte  campamdato,  4i'fido,  fuligineo- 
hispido,  lohis  deltoideis,,  erecto-patentibuSy  non  pKcatis. 

Branches  cinereous,  scattered  more  or  less  with  small  fuliginous  epots^  glabresoent ;  young 
shoots  fuliginous-hispidulous ;  leaves  alternate,  oval-oblong,  narrowly  and  usually  suddenly 
acuminate  at  apex,  usually  rounded  at  base,  glabrous  or  scattered  with  short  appressed 
inconspicuous  hairs  beneath,  coriaceous,  4J — 7  in.  long  by  1 J — 2J  in.  wide,  midrib  depressed 
above,  veins  inconspicuous,  margin  finely  revolute;  petioles  stout,  terete,  fuscous,  with  short 
4ark  hairs,  f  in.  long. 

9 .  Cymes  many-flowered  (?),  fuliginous-hispid,  |  in.  long  exclusive  of  the  flowers,  bearing 
in  one  case  3  fuliginous-hispid  fruits  with  fiim  pedicels  \ — ^  in.  long*;  young  fruit  globose 
with  conical  apex,  ex<!eeding  the  calyx,  8-celled,  8-seeded ;  fruiting  calyx  widely  campanulate, 
about  Jin.  in  diameter,  4-iid,  thickly  coriaceous,  not  plicate;  lobes  deltoid,  spreading. 

Borneo,  0.  Beccaril  n.  2486. 

41.    DiosPYBOS  Bbandisiana,  Kurz  in  Joum.  Asiat.  Soc.  Beng.  vol  XL.  Pt.  ii.  p.  72. 

n.  93  (18n). 

D,  foliis  ovalibu$9  altemis,  apice  acfwminaids,  basi  rotundaids  vel  acniis,  ckarixuc^^  adtdtis 
glahris  vel  seats  costaa  sparse  appresse  hirsuUs,  breviter  petiolatis ;  floribus  cymosis  e  ramie 
ortis  vel  axiUarihis,  5 — it-meris,  calyce  b-fdo,  lobis  lineari4anceolatis,  a>cutis,  coroUd  S-fidd^ 
lobis  obtusis,  staminibus  circiter  16,  filainentis  brevissimis,  pubescentibus,  antheris^  glaJnis; 
in  floribus  femineis  staminodiis  5„  ovario  dense  fidvo-pubescente,  lO-loculari,  fructu  immaturo 
ovoideo,  acuminato. 

Flora,  1871,  p.  342. 

A  tree  with  young  parts  shortly  pubescent.  Leaves  alternate,  oblong  to  elliptic-oHong 
and  oblong-lanceolate,  acuminate,  rounded  or  acute  at  base,  entire,  chartaceous,  4 — 6 — Sin. 
long,  the  adult  ones  glabrous  or  usually  sparsely  and  appressedly  hirsute  on  the  midrib ;  petioles 
-j^ — Jin.  long,  puberulous,  somewhat  depressed  above.  Flowers  j — jAyin.  long  in  the  bud, 
pentamerous  or  tetramerous,  in  rather  dense  much-branched  minutely-bracteated  black-brown 
cymes  springing  from  the  branches  or  axillary ;  pedicels  -^ — I  in.  long,  afterwards  ebngated' 
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tomentose;  bracts  minute,  obloDg-lanceolate,  tomentose;  calyx  covered  with  slight  black  or 
dark  brown  tomentum,  -^ — |  in.  long,  deeply  lobed,  lobes  linear-lanceolate,  acute ;  corolla- 
tube  appressedly  pubescent,  ^in.  long,  rather  widened  towards  the  base  and  commonly 
5-8idedy  lobes  equalling  the  tube,  oblong,  obtuse. 

i .  Stamens  14 — 16 ;  filaments  very  shorty  pubescent ;  anthers  linear,  mucronulate,  glabrous. 
Receptacle  hairy. 

9 .  Staminodes  5 ;  ovary  densely  fulvo-pubescent^  10-celled,  terminated  by  the  rather 
long  simple  crass  style.     Very  young  fruit,  ovoid-conical,  acuminate,  shortly  pubescent. 

Burma,  Martaban,  Dombamee  forests,  Dr  Brandts! 

42.    DiosPTBOS  SUBACUTA,  sp.  nov. 

2>.  JruHcosa,  foliis  ovato-oblongis,  distichis,  aptce  acuminatis,  basi  ratimdatis  vd  subcor*- 
datis,  sub-gldbris,  margine  avbcUidtis,  nitidis,  subsessUibus,  nervis  inconspicuis ;  fmctibus  soli" 
tariis,  cudUaribus,  oUongis,  apice  conids,  appresse  pubesoentibus,  pedanculatis ;  calyce  fructifero 
4hfido,  pateriformiy  pubescente. 

Shrub;  young  parts  rufous-pilose-hispid  with  scattered  hairs;  branches  dark,  terete, 
glabrescent.  Leaves  ovate-oblong,  distichous,  subcoriaceous,  glabrous  or  nearly  so  and  shining, 
acuminate  at  apex,  rounded  or  subcordate  at  base,  subsessile,  rich  brown  beneath  in  the 
dry  state,  darker  above  with  elevated  midrib;  veins  inconspicuous;  H — 3  in.  long  by  f — 1  in. 
wide,  spreading ;  petioles  -^ — f^  in.  long,  thick,  dark,  subpilose ;  margins  of  leaves  subciliate 
with  pilose  long  hairs. 

?•  Fruit  solitary,  axillary,  fin.  long  by  {in.  thick,  oblong,  conical  at  apex,  covered 
with  short  appressed  brown  pubescence,  with  several  (?)  cells;  flowering  peduncles  ^in.  (or 
more?)  erect-patent,  rough;  bracts  caducous;  fruiting  calyx  4-fid,  pubescent,  ^in.  across  by 
I  in.  high,  shallowly  cup-shaped. 

Madagascar,  S!?  Marie,  BoivinI 

43.    DiosPTBOS  PBUfiiENS,  DaLz.  in  Eew  Joum.  Bot  vol  iv.  p.  110.  n.  2  (1852). 

D.  foliis  altemis,  ovali-oblongis,  apice  bretnter  acuminatis,  basi  rotundatis  vd  subcordatis, 
tenuiter  coriaceis,  supra  nervo  excepto  suhglahrescentibus,  sribtus  prossertim  secus  nervos 
pilosO'hirsiUis,  breviter  petiolatis;  floribus  mascvlis  axiUarihus^  peduncuiis  confertis,  1 — 2- 
floriSf  calyce  ^-partite,  vtrinqvs  pHoso,  corolld  profunde  4r'Jldd,  extus  sericed,  lobis  obtusis, 
staminibus  13 — 14,  glabris,  hypogynis;  floribus  femineis  4 — b-meris,  staminodiis  4k — 5, 
glabris,  ovario  ferrugineo-hispido,  4flocuiari,  locuLis  l-owUatis;  fmctibus  pUoso-prurientibu^, 
ovoideo-conids,  4t'locvlaribus,  loculis  l-spermis. 

Bedd.  Ic.  PI.  Ind.  Or.  (Pt.  vn.)  p.  26.  t.  129  (1871);  (?)Thw.  Enum.  CeyL  PL  p.  423, 
(1864). 

Young  shoots,  peduncles,  petioles  and  underside  of  leaves,  especially  on  the  veins,  softly 
pilose-hirsute,  fulvous;  branches  terete,  dark,  glabrescent  Leaves  oval-oblong;  shortly  and 
usually  obtusely  acuminate  at  apex,  rounded  or  subcordate  at  base,  thinly  subcoriaceous, 
alternate,  2 — 4  in.  long  by  |— If  in.  wide,  with  petiole  fj — I  in.  long,  subglabrescent  above, 
except  the  depressed  midrib;    lateral  veins  not  strong. 

Vol.  XIL  Pabt  L  24 
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i.  Peduncles  near  together  in  the  upper  axils,  I — ^^^»  loug>  1-  or  2-flowered; 
flowers  ^  in.  long  or  more;  bracts  rounded,  caducous,  glabrous  inside;  calyx  ^  in.  long^ 
4-partite^  fulvo-pilose  on  both  sides,  lobes  linear-oblong,  lax;  corolla  appressedly  sericeous 
outside,  glabrous  inside^  J — |  in.  long,  deeply  4-fid,  constricted  at  top  of  tube,  lobes  ovate- 
oblong,  obtuse,  imbricated  sinietrorsely.  Stamens  13 — 14,  glabrous,  unequal,  hyppgynous, 
connate  at  base,,  shorter  than  the  corolla-tube,  surrounding  the  hairy  rudiment  of  the 
ovazy;  filaments  about  as  long  as  the  anthers. 

9 .  Flowers  solitary,  crowded  in  the  upper  axils  on  peduncles  -^ — ^  in.  long ;  calyx 
J  in.  long  with  oblong  spreading  lobes,  hairy  on  both  sides,  4 — 5-partite;  corolla  f  in.  long, 
4-fid,  constricted  about  middle;  staminodes  5  (in  one  case),  inserted  at  base  of  corolla, 
glabrous,  linear;  ovaiy  femiginous-hispii  4-celled,  «ells  l^ovuled;  styles  2,  short,  almost 
concealed  by  the  long  hairs  on  the  ovary,  glabrous,  bifid  at  apex.  Fruit  ovoid-conical, 
I — 1  in*  long,  ^rcelled,  4-seeded,  densely  clothed  with,  fulvous  stinging  hairs.  Fruiting 
calyx   spreading  or  refiexed,  not  accrescent. 

Bombay,  Chorla  Ghaut,  Dr  Bitchiet  1833 ;  DdzeU!;  Bababoodun  hills,  Mysore,  Mr 
LoAv!;  (?)  Ceylon,  Saffiagam  district,  2000.  ft.  alt.,  Dr  Thwaites,  C.P.  2836. 

44.     D1OSPTBO8  APICULATA^  spi  nOT. 

D.  foUii  altemis,  ohlongis,  apice  acute  acuminatis,  b<m  cordatis,  temdter  coridceis,  supra 
glahrescentibus,,  suhtiLS  prassertim  secus  nervos  hispidis,  hremter  petiolatis;  florihus  masculis 
sulhS-niSf.stLbsessilOmai  axiUarSms;  calyce  4 — 5-partito,  pHosch-pubescente,  coroUd  tvhvlosd,  glabrd, 
4i"lobd,  staminibtis  6 — 7  vel  12,  vncBqvaiibus,  glabris,  (mvrii  rudimento  hirsute ;  florihus  femineis 
1 — 3-nw,  hremssime  cymosis ;  fructibus  salitariis,  subsessilibus,  femigineo'setosis,  owtdeo* 
coniciSf  apice  apiculatis,  4i-locularHms;   aibuinine  seminu/m  non  ruminato. 

A  tree  with  slender  stem^  about  4-  feet  high  in.  the  specimen  seen;  young  parts 
ferruginous-hispid.  Leaves  oblong,  alternate,  thinly  subcoriaceous,  much  acuminate  at  apex, 
cordate  at  base,  hispid  beneath,  especially  on  the  clearly  marked  veins,  glabrescent  above, 
with  depressed  midrib,  of  the-  same  colour  on  both  sides  except  the  hairs,  4 — 7 J  in.  long 
by  \\ — 2J  in.  wide,  margins  just  reflexed;  petioles  ^ — j^  in.  long,  hispid.    Bracts  finely  hispid. 

i.  Flowers  about  3  together,  subsessile,  axillary,  -^  ia  long;  calyx  4 — 5-partit€^, 
about  \  in.  long,  pilose-pubescent  on  both  sides  except  near  the  base  inside,  lobes  lanceolate- 
linear;  corolla  glabrous,  |  in.  long,  tubular,  4-lobed,  lobes  spreading,  oval,  obtusely  pointed 
at  apex,  contorted  sinistrorsely  in  bud,  -^vn,  long;  stamens  glabrous,  6 — 7  or  12,  unequal^ 
anthers  linear-oblong,  pointed  at  apex;  filaments  often  geniculate,  dilated  and  connate  at 
base,  inserted  in  a  very  short  tube  at  the  very  base  of  the  corolla;  ovary  rudimentary, 
small,  hairy. 

J.  Flowers  1 — 3  together,  on  very  short  axillary  finely  hispid  cymes.  Fruit  solitary, 
subsessile,  finely  ferruginous-setose  especially  upwards  but  not  densely  so  and  subglabrescent 
in  lower  part,  ovoid-conical,  about  1  in.  long  by  J — |  in.  wide,  apiculate  at  apex,  ovoid  at 
base,  with  indications  inside  of  4  cells,  terminated  by  2  (?)  adjacent  styles;  seeds  4  (?), 
I  in.  long;  albumem  somewhat  farinaceous  (in  dry  state),  not  ruminated. 

Penang,  Goot  hill,  Dr  Maingayl  no.  1514, 
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45,    DiosPYROS  Babteri,  sp.  nov, 

D.  fnUicosa,  foliis  altemis^  ovali'OVdtis,  apice  apictdatis  a^yurninatisj  basi  corda^  firmiter 
ikembranaceis,  supra  tieroo  excepto  glabris,  svbtvs  paUidis  hispidosericeis  prcesertim  secus^ 
nervos,  breviter  petiolatis;  florihua  femineis  mlitariis,  subsessiltbus,  hispidis^  calyce  4 — 5- 
partitOy  lobis  lineari'lanoeolatis,  corolld  extus  hispidd,  5'fidd,  lobis  acutis,  staminodiis  11,  brevibua^ 
vmsericdibus,  jnlosis,  ovario  glabro  (apice  excepto),  4f'locularif  loculis  l-omUatis;  fructibw 
coniciSy  acuminatis,  ghhris  sed  apice  hirstttis,  seminibus  oblongis,  albumine  non  ruminato. 

A  shrub  with  young  shoots  rufous-hispid  or  afterwards  fuscous-hispid;  older  branches 
dark,  terete,  glabrat.e,  spreading  at  about  50^  Leaves  alternate,  oval-ovate,  acuminate,  apiculate, 
at  base  cordate,  firmly  membranous,  dark  green  and  glabrous  except  the  depressed  midrib 
and  with  depressed  veins  above;  paler  with  hispid -pilose  ferruginous  hairs,  eq)ecially  on 
the  veins  beneath,  2 — Sin.  long  by  1 — IJ  in.  wide;   petioles   hispid,  -^ — fin.  long. 

9.  Flowers  solitary,  subsessile,  axillary,  with  narrow  rufous-hispid-pilose  caducous 
bracts.  Calyx  \  in.  long,  rufous-hispid-pilose,  4 — 5-partite  with  linear-lanceolate  lobes 
somewhat  spreading  in  flower  and  sub-horizontal  not  accrescent  in  fruit;  hispid  inside. 
Corolla  conical  in  bud,  as  long  as  the  calyx,  ferruginous-hispid  outside,  glabrous  inside,  5-fid, 
lobes  acute,  imbricated.  Staminodes  11,  short,  in  one  row,  distinct  (except  1  pair), 
pilose.  Pistil  conical;  ovary  glabrous  except  apex,  4-celled,  cells  1-ovuled;  styles  2,  bilobed 
at  apex,  pilose  below,  as  long  as  the  young  ovary.  Fruit  oblong-conical,  1\  in.  long, 
glabrous  (except  apex),  shining,  with  shortly  ferruginous-pubescent  remains  of  styles,  2-celled; 
oells  1-seeded;  seeds  §  in.  long;  albumen  not  ruminated 

W.  Africa,  Guinea,  Lagos.     Niger  Expedition.    Barterl  20194. 

46.     DiOSPTBOS  HICUORHOKBUS,  sp.  noT. 

D.  foliis  distichis,  rhomboideo-ovalibus,  ad  apicem  emarginatum  angustatia^  ba^si  cuneatist 
vnterdum  sub-obliquis,  subglabris,  coriaceis,  suhsessilibus;  floribus  femineis  solitariis,  gradliter 
peduncuUUis,  glabris,  calyce  profunde  4-io6o,  lobis  rotundatis,  erecto'patentibus,  coroUd  breviter 
4i-fdd,staminodiis  4,  glabris,  corolke  basi  insertis,   ovario  glabro,   ovoideo-conico,  S-loculari. 

Of  a  dark  colour  when  dry;  branches  covered  with  short  patent  pale  pubescence,  terete; 
wood  very  good.  Leaves  subsessile,  distichous,  rhomboid-oval,  narrowed  to  an  emarginate  apex, 
cuneate  at  base  and  sometimes  slightly  oblique,  glabrous  or  very  nearly  so,  coriaceous,  J  in. 
long  by  \  in.  wide,  dark  slatish  green  above,  brownish  beneath;    veins  indistinct 

$.  Flowers  solitary,  on  long  slender  .glabrous  peduncles  which  measure  i — |in.  long 
and  bear  appressed  oblong  glabrous  bracts  about  middle  and  near  base;  flowers  ^  in.  long, 
glabrous;  calyx  Jin.  long,  deeply  4-lobed;  lobe  J-oval,  Jin.  wide,  rounded,  erect-patent; 
corolla  erect,  J  in.  high,  glabrous,  4-sided  and  shortly  4-fid;  staminodes  4,  glabrous,  alternate 
with  the  lobes  of  the  corolla  and  inserted  at  its  base;  ovary  glabrous,  8-celled,  ovoid-conical, 
terminated  at  apex  by  a  4-lobed  conical  style;  divisions  of  the  style  emarginate  at  apex. 

*'Ebenier  de  Madagascar,  son  bois  est  superbe;  lies  de  France  et  Bourbon,"  Hb.  Mus. 
Paris.! 
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47.    DiosPTBOS  POLIOLOSA,  Wall  last  n.  414$  (1828—32). 

2>.  glahra,  foliia  dUemist  ohl(mgo4anceolatis,  apice  oMenuaio-^icumifuUis,  bad  obtusis, 
nitidis,  tenuiter  coriaceis,  reticulatis^  petiolatis;  floribus  masculis  laxe  cymosis,  ovoideis,  tetror 
meris,  calyce  parvo,  coroUd  ovoideo-wceolatd,  breviter  lobatd,  staminibua  12 — 16,  geminaiis, 
connectivo  et  fXameoiis  leviter  pttbescentibits,  ovarii  mdimento  acuminato;  Jloribus  feinineis 
solita/riis^  aaiUaribus,  pedunculatis,  4-  rarius  S-meris,  staminodiis  ntdlis,  stigrruitibua  4 — 3, 
sessilibtis,  ovario  4-foct*Zan,  locvMs  l-cmda^is;  Jructibus  globosia,  jvmiorihus  pyhescenti'Squa- 
mosis,  seniovibus  s^ahratis ;  calyee  frucUfero  frvctma  CBquaritibvs  vel  exoedentibus,  lobis  cordaJUh 
ovatia,  foliaceis,  nervosis, 

Alph.  DC.  Prodr.  vin.  p.  234.  n.  68  (1844). 

Liospyros  caJh/cina,  Bedd.,  Ann.  Rep.  Forests,  Madras  Pres.  for  1867 — 68,  p.  26  (1868), 
Flora  SylTOtica,  Madras,  t  68  (1870),  Ic.  PL  Ind.  Or.  (Part  vii)  p.  25.  t.  123  (1871),  non 
Audib. 

D.  auriculata,  Wight r  (MS.  in  Hb.  Kew),  Hb.  Wight!,  Kew  list  n.  1716,  non  Stiehler. 

A  good  sized  tree,  glabrous  in  all  parts  except  the  stamens  ovary  and  young  fruit 
Leaves  alternate,  oblong-lanceolate,  thinly  coriaceous,  attenuate-acuminate  at  apex,  narrowed 
or  rounded  at  base,  shining,  green  on  both  sides,  2 — 4  J  in.  long  by  J — IJin.  wide,  mid- 
rib depressed  on  upper  side ;  net-veins  delicate  in  relief  on  both  sides ;  petioles  | — ^in.  long. 

^.  Cymes  axillary,  lax,  about  half  the  length  of  the  leaves,  3 — 9-flowered;  flowers  ^in. 
long,  ovoid;  calyx  small,  about  -j^in.  high  by  Jin.  across,  4-fid,  with  deltoid  or  ovate. lobes; 
corolla  urceolate,  often  gibbous  at  base,  4-fid,  bright  yellow  in  colour,  much  contracted  at 
the  top  of  the  tube,  lobes  short,  pointed,  spreading ;  stamens  12 — 16,  inserted  on  the  recep- 
tacle and  united  in  pairs  by  their  short  compressed  more  or  less  hairy  filaments;  anthers 
equal,  lanceolate,  dehiscing  from  the  base,  converging  at  the  apex  above  the  rudimentary 
6-lobed  ovary  which  terminates  with  a  long  acumen;  connective  somewhat  hairy. 

?  •  Flowers  soKtary,  axillary,  on  peduncles  | — 1  in.  long;  calyx  with  4  or  rarely  3  cordate 
imbricated  veined  accrescent  partitions ;  corolla  urceolate,  gibbous ;  tube  nearly  globose,  lobes 
4  or  rarely '3,  short,  reflexed;  staminodes  0";  stigmas  4  or  3,  sessile;  ovary  4-celled;  cells 
1-ovuled.  Fruit  globose,  covered  when  young  with  hairlike  scales,  glabrescent,  |  in.  in 
diameter;  finiiting  calyx  about  as  long  as  the  fruit  or  longer,  sometimes  lin.  long,  some- 
what glandular  at  base  within  around  base  of  fruit;  lobes  cordate-ovate,  foliaceous. 

Very  abundant  in  the  ghat  forests  from  bottom  to  3000  ft.  alt.  in  the  Tinnevelly 
district  and  southern  portions  of  Madura;  it  is  called  VeUay  Toveray,  and  yields  a  valuable 
light-coloured  wood,  Beddome;  Courtallum,  WaUichl 


48.    DiosPYBOS  PILOSTTLA,  Wall.  List  n.  4132  (1828—32). 

D.  foliis  aUemis,  obovato-oblongia  vd  anguste  eUipticis,  apice  acuminaids,  bad  oUuds, 
tenuiter  coriaceis,  supra  glabris,  nitidis,  svibtus  secus  nervos  pubescentibus,  petiolatis;  Jloribus 
mascuiis  pedv/ncutatis,  staminibus  12,  glabris^  inas^puilibus ;  ^fioribus  femineis  solitariis,  pedun- 
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cidatiSy  caiyce  4i-partito,  lobis  lanceolati^  acutis,  staminodiis  0,  ovario  rufo^hiapido,  4hloculari, 
loGulis  l-omUitis. 

Gtmisanthus  pilosuiuSy  Alpk  DG  Prodr.  vin.  p.  220  (1844). 

A  tree  or  shrub;  branches  terete,  fulvo-pubesc^it  when  young,  afterwards  glabrescent 
and  cinereous.  Leaves  narrowly  elliptical  or  obovate-oblong,  acuminate  at  apex,  somewhat 
narrowed  at  base,  altemate,^  thinly  coriaceous,  glabrous  and  shining  above  with  depressed 
midrib,  appressedly  pubescent  beneath  and  ciliate  when  young,  glabrescent  except  the 
veins  beneath,  3 — ^Jin.  long  by  1 — IJin.  wide;  petioles  about  ^in.  long,  pubescent  when 
young ;  lateral  veins  not  conspicuous. 

i.  Flowers  on  the  young  shoots,  tetramerous,  pilose,  about  |  in.  long,  on  slender 
peduncles  about  ^  in.  long ;  calyx  ^  in.  long,  lobes  deep  lanceolate  acute  lax ;  corolla  rather 
slender,  tube  tapering  upwards  ^ — i  in.  long>  lobes  lanceolate  acute  rather  longer  than  the 
tube,  at  length  spreading ;  stamens  12,  glabrous,  very  unequal,  -^ — ^  in.  high,  inserted  on 
the  receptacle,  filaments  often  geniculate,  anthers  about  ^  in,  long. 

V .  Flowers  solitary,  on  the  young  shoots,  rather  slender;  peduncles  j — J  in.  long,  pubescent, 
articulated  at  the  apex  to  the  flower,  without  bracts,  tapering  downwards  in  fruit;  calyx  of 
the  young  fruit  4-partite,  pubescent  outside,  glabrous  inside,  lobes  lanceolate,  I — Jin.  long, 
spreading,  acute;  corolla  deeply  4-fid,  silky  outside,  tube  cylindrical,  narrowed  upwards, 
shorter  than  the  calyx,  lobes  acute ;  young  frnit  rufous-hispid,  4-celled ;  staminodes  0 ;  style 
very  short,  covered  by  the  hairs  of  the  ovary;  stigmas  2,  glabrous;  ovary  4-celled,  cells 
1-ovuled. 

Among  the  mountains  of  Silhet,  WaUich!;  Pegu,  Dr  Brouidis/,  local  name  Gjut 

49.    DiosPYROS  SUBERIFOLIA,  Decaisne  MSS.  in  Hb.  Mus.  Paris. 

2).  folits  cdtemis,  ovalibtis  vel  obovcUo-oblongis,  apice  rotwndatis  emarginatis  vel  apiculatis, 
hasi  obtusis,  svhtns  subtomervtom,  margine  minute  repando-crenulatis,  subsesdlihus ;  floribua 
mascvUs  pubeecentibuSf  pedunculis  axillaribtts,  1 — 2-nw,  l-floris,  basi  e  bractearvm  nidulo  eoh 
orimtibus,  caiyce  S-partito,  cat^olld  urceohtd,  breviter  5 — G-dentatd,  staminibtis  cirdter  20,  antheris 
hispidulis,  JUamentis  glabris,  ovarii  rudimento  hirsuto. 

Stems  dark-cinereous,  rough,  glabrescent,  softly  subtomentose  when  young.  Leaves  oval 
or  obovate-oblong,  alternate,  coriaceous,  subsessile,  softly  sub-tomentose  at  lea^t  beneath^ 
slightly  convex  from  above,  rounded  emarginate  or  apiculate  at  apex,  rounded  or  somewhat 
narrowed  at  base,  margins  minutely  repand-crenulate,  1 — 3  in«  long  by  | — l|in.  wide,  net-* 
veins  not  very  conspicuous ;  petioles  very  short. 

^.  Flowers  pedunculate^  axillary;  peduncles  solitary  or  2  together,  arising  from  a  nest 
of  bracts  at  base,  pubescent,  ^in.  long  or  more;  calyx  5-partite,  pubescent  outside,  glabrous 
inside,  Y^ in.  long,  lobes  ovate;  corolla  urceolate,  shortly  or  irregularly  6 — 6-lobed,  puberulous 
outside,  glabrous  inside,  -^in.  long;  stamens  21  (one  of  which  is  very  thin)  in  one  case, 
inserted  on  the  receptacle  or  some  at  the  very  base  of  the  corolla,  some  in  pairs ;  anthers 
hispidulous  upwards,  lanceolate-linear,  apiculate ;  filaments  very  short,  slender,  glabrous ;  ovary 
rudimentary,  hairy. 

Cultivated  ia  hort.  Paris..!;  supposed  to  have  been,  brought  from  Chili. 
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60.    DiosPYROS  SQUARROSA,  Klotzsch  in  Peters  Mossamb.  L  p.  184  (1862). 

D.  foliis  aUemia,  ovalihus^  utrinque  rottmdatis  vd  obtusis,  tenwUer  coridceis,  breviter 
pvbesceniUma  prcesertim  aecus  nervos  vd  stibglabrescentibus,  pettolatis;  floribus  femineis  axil- 
laribtLS,  solitariis,  pedunculatis,  tetrameris;  calyce  profuvde  ^fidOy  coroUd  46-partiiAy  parti- 
tionibus  obtusis,  patentibus,  subglabris,  staminodiis  0,  ovario' snbglobosOy  glabro,  S-loculari; 
stylis  4,  hifidis;  fructibtis  subglobosis  nitidis,  calyds  fructiferi  lobis  dependentibus,  seminibus 
compressis, 

A  tree,  or  much  braDched  shrub,  with  young  shoots  delicately  hispid,  virgate;  branches 
glabrescent,  terete,  spreading  at  about  80*.  Leaves  elliptical  or  somewhat  obovate,  alternate, 
thinly  coriaceous,  rounded  at  both  ends  or  sometimes  narrowed;  with  scattered  patent  pubescence 
or  subglabrescent,  subnitescent  above;  paler,  with  patent  pubescence,  rufous  and  denser  on 
midrib  and  lateral  veins  beneath.;  patent,  delicately  reticulated,  1^ — 3J  in.  long  by  | — 2  in. 
wide;   petiole  -^ — Jin  long,  pubescent 

9.  Flowers  axillary,  solitary,  drooping,  tetramerous;  peduncles  recurved,  J — Jin.  long, 
patently  pubescent;  bracts  caducous,  at  about  middle  of  peduncle,  lanceolate,  -^in.  loDg; 
calyx  covered  with  short  appressed  tawny  hairs  on  both  sides,  loosely  hemispherical,  ^in. 
long,  with  4  deep  oval  or  ovate  lobes;  corolla  4-partite,  openly  cup-shaped  or  rotate  nearly 
glabrous,  but  with  scattered  pale  appressed  hairs  along  middle  of  lobes ;  lobes  reflexed,  about 
J  in.  long,  obtuse ;  stamens  0 ;  ovary  glabrous,  somewhat  4-sided,  ^^  in.  high,  8-celled,  cells 
1-ovuled;  styles  4,  glabrous,  bifid  to  about  middle,  not  persistent  on  fruit;  fruit  glabrous, 
somewhat  4-sidedly  globular,  about  |  in.  high ;  fruiting  calyx  with  pendent  lobes,  not  accrescent. 

Africa,  R  Zambezi  at  Senna  (left  bank),  and  Rivoque  near  Tette,  January,  in  9  flower 
and  fruit,  local  name  ''Mutshenje  tuna  tuna,"  Sechuana  dialect,  Dr  Kirk!;  Sena,  Dr 
Peters!,  in  hedges  near  water-courses. 


51.    DiosPYROS  PANICULATA,  Dalz.  in  Kew  Joum.  Bot.  iv.  p.  109.  n.  1.(1852),  Bedd.  Ic. 
PL  Ind.  Or.  (Pt  vii.)  p.  25.  t.  125  (1871). 

D.  foliis  oblangis,  altemis,  tUrinque  obtusis,  glabris,  subcoriaceis  vd  submembnmaceis, 
reticularis,  petiolatis ;  floribus  masculis  numerosis  panicuiatis  pentameris  fidigineo-pubescentibus, 
calyds  lobis  foliaceis  reticidatO'Venosis,  staminibus  20  geminatis  glabris;  floribus  femineis 
solitariis  pedu/nculatis  pentameris;  fructibus  ovoideis  glandvloso-hirsviis,  4hlocularibus,  calyce 
aucto  plicato. 

A  middle-sized  or  large  tree  with  glabrous  somewhat  angular  branches.  Leaves  oblong, 
alternate,  thinly  subcoriaceous  or  submembranous,  narrowed  rounded  or  obtusely  acuminate 
at  apex,  but  little  narrowed  at  base,  highly  reticulated,  with  veins,  except  the  midrib,  in 
relief  on  both  sides,  4 — 9  in.  long  by  IJ — 3  J  in.  wide;  petioles  J — Jin  long;  net-veins 
pellucid  when  young. 

g.  Cymes  paniculate,  many-flowered,  in  axils  of  fallen  leaves,  pubescent  with  fuliginous 
hairs,  1 — 1 J  in.  long ;  flowers  | — J  in  long.  Calyx  5-partite  shortly  nigro-puberulous  on  both 
sides,  ^  in.  long,  lobes  foliaceous,  widely  oval,  obtuse,  net-veined,  with  a  callous  internal  keel 
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and  margins  widely  reflexed.  Corolla  pentagonal,  fiiliginons-hairy  outside,  glabrous  inside,  6-fid, 
constricted  in  the  middle ;  lobes  oval,  spreading  in  flower  or  reflexed.  Stamens  20,  glabrous,  in 
pairs,  the  inner  ones  rather  shorter,  inserted  on  the  disk  or  on  the  corolla;  filaments  short; 
ovary  0. 

9 .  Fruit  solitary,  axillary,  on  strong  peduncles  J — J  in.  long,  erect-patent ;  bracts 
caducous,  large,  ovate,  about  middle  of  peduncle;  calyx  glabrescent ;  fruit  ovoid,  | — IJia, 
long,  rounded  at  apex,  tipped  with  remains  of  style,  with  mixed  fuliginous  and  ferruginous 
hairs  and  glands,  3 — t-celled ;  fruiting  calyx  6-lobed,  accrescent,  5-partite,  ^-r-J  in.  high,  more 
or  less  plicate,  umbilicate  below,  lobes  much  widened  auricled  and  imbricated  at  base,  forming 
5  dependent  processes. 

•  Tallewarru,  Canara  Ghauts,  Dr  Ritchie  1  1884,  a  large  tree  in  fruit.  May ;  Syhadree 
mountains,  near  Chorla  GhAt,  Bombay,  Dalzelll  2 — 3000  ft.  tilt.;  Anamallays,  Major  Beddomel 
285  (young  fruit  4-celled,  cells  1-ovuled  or  -seeded,  style  Jin.  long,  glabrous  above,  lobed 
at  apex). 

62.      DiOSPYROS  GRACILIPES,  sp.  nov. 

J9.  foliia  cUternis,  ovalibus  vd  ovatis,  apice  aospius  acuminalia,  oltusis,  baai  angtidatist 
ghhrisy  coriaceis,  reticulatis,  breviter  petiolatia ;  floribus  femineia  lateralihua,  secus  ramoa. 
vetustiores  vd  ramvlos  dispositis,  tetravieris,  pedunctUia  gracUihus,  aggregatis,  l-floris,  ccdyce 
4i'Jido,  pubescente,  ovario  breviter  pvbescentey  S-loculari;  fructibus  oblongis  obtusis,  calyce  fructi' 
fero  aucto  patente  coriaceo. 

From  a  shrub  10  feet  high  to  a  large  tree,  glabrous  except  the  extremities  and  inflo- 
rescence; branches  at  25° — So\  Leaves  alternate,  oval  ovate  or  nearly  oblong,  obtuse, 
usually  acuminate  at  the  apex,  more  or  less  narrowed  at  base,  glabrous,  coriaceous,  of 
the  same  (metallic)  colour  on  both  sides,  reticulated,  shining,  2 — 5 in.  long  | — Sin.  wide; 
petioles  -^ — ^  in.  long. 

9 .  Peduncles  slender,  on  young  branches  or  clustered  on  the  old  wood,  1 — If  in.  long,, 
puberulous  or  glabrescent,  1-flowered,  with  small  deciduous  bracts  below  the  middle ;  calyx 
Jin,  long,  coriaceous,  covered  on  both  sides  with  close  pale  tawny  pubescence,  deeply 
4-fid,  with  ovate-deltoid  lobes  dilated  towards  the  base  undulating  at  the  margin  and  shortly 
acuminate;  ovary  shortly  hairy,  ovoid-tetragonal,  8-celled,  cells  1-ovuled;  styles  4,  short; 
fruiting  calyx  spreading,  with  very  short  pubescence  on  both  sides,  whitened  within,  1 J — 1 J  in. 
across,  4-fid;  fruit  oblong,  rounded  at  apex,  i^in.  long,  J  in.,  thick,  nearly  glabrous,  whitened 
in  parts,  8-celled. 

Madagascar,  Bojerl ;  Forest  Lomoum^,  Nossi  Be,  PerviUil  275;  East  side,  Chapelier!  82; 
native  name  Ozim-matana. 

53.      DiOSPYROS  GRACILIFLORA,  sp.  nOV. 

J9.  foliis  ovalibus,  aUemis,  apice  anguste  acuminaiie,  suboauiaJtis,  basi  euneatis,  firmiUr 
svlmiembranaceis,  costd  utrinque  puberidd^  ceterum  glahris,  breviter  petiolatis  ;  floribue  maecidia 
aolitariie,  gniGUlimie,  gradUime  pedtmculatis,  tetrameria;  staminibus  8,  glahris,  ovarii  rudimenta 
gldbrOk 
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Branches  slender,  terete,  puberulous,  leafy;  leaves  oval  or  somewhat  obovate,  alternate^ 
narrowly  acuminate  or  subcaudate  at  apex,  cuneate  at  base,  shining,  firmly  submembranous, 
glabrous  except  the  midrib  which  is  puberulous  on  both  sides  and  depressed  above,  IJ — l^in. 
long  by  I — l^in.  wide;  veins  inconspicuous  above,  lateral  veins  few;  petioles  ^^^ — iV^ 
long,  puberulous. 

i .  Flowers  solitary,  very  slender,  |  in.  long,  on  very  slender  remotely  setulose  peduncles 
I — I  in.  long,  which  arise  firom  small  bracts  on  the  young  branches;  calyx  -^ul  long,  cam- 
panulate,  4-fid,  puberulous  outside,  glabrous  inside,  ciliate,  lobes  rounded;  corolla  narrowly 
tubular  (in  bud),  fin.  long  by  -^in.  thick,  deeply  4-fid,  glabrous,  somewhat  constricted  below 
lobes;  lobes  obtuse,  much  contorted;  stamens  8,  biseriate,  glabrous,  unequal,  anthers  oblong^ 
filaments  more  or  less  connate  at  base  into  hypogynous  ring ;  ovary  rudimentary,  glabrous. 

Borneo,  0.  Beccari/  n.  1560. 


64.    DiosPYBOS  Peevillei,  sp.  nov. 

2).  foliis  a/nguste  ovalUms,  aUemis,  apice  acuminatis,  hasi  cuneatis^  glabris,  coriaceis, 
tmicoloribus,  petiolatis,  nervis  gracUlimis;  fructibus  1 — 3-ww,  rigide  cymosia^  subglobosis, 
mLhgldbris,  nitidis,  plurHooularibris,  caiyce  aucto,  reflexo,  coriaceo,  4i'partito,  nervosa. 

A  tree  40  feet  high,  very  nearly  glabrous  in  all  its  parts;  branches  at  about  50^. 
Leaves  alternate,  narrowly  elliptical,  acuminate  at  apex,  narrowed  at  base,  glabrous,  coria- 
ceous, of  same  (metallic)  colour  on  both  sides,  shining,  iabout  6 in.  by  2 — ^2|in.  wide;  petioles 
about  ^in.  long,  strong;  veins  numerous,  slender. 

9.  Cymes  about  3-flowered,  rigid  in  fruit,  common  peduncle  J — |in-  long,  fruiting 
pedicels  ^ — |in.  long;  fruiting  caljrx  4-partite,  coriaceous,  veined,  lobes  reflexed,  oblong,  rounded 
at  apex,  | — 1  in.  long  by  | — |  in.  wide.  Fruit  subglobose,  1  in.  long  by  f  in.  thick,  nearly 
glabrate  but  with  a  few  scattered  short  appressed  weak  hairs,  shining,  with  remains  of  4 
styles  at  apex,  8-celled  and  -seeded  (?);  seeds  }in.  long,  albumen  not  ruminated  (?}. 

Madagascar,  Nossi  Be,  PervilU/  £25. 

65.     DiOSPTROS  DICTtONEURA,  sp.  nOV, 

D.  foliis  ovali'Oblongis,  altemisy  glabris,  apice,  acuminatis,  hasi  parum  angustatis  vd  sub- 
totundatis,  coriaceis,  utrinqvs  reticulatis,  nitentibus,  petiolatis;  fioribus  masctdis  pentameris, 
cymosis;  cymis  undalibus,  muUifioris,  a^Uaribus;  caiyce  partita,  bast  plicato  ;  coroUd  tubulosd, 
camasd;  stamvnibus  20,  plerisque  binis,  antheris  linearibus  glabris,  flamentis  brevAus  hispidis. 

Shoots  terete,  softly  puberulous.  Leaves  altei-nate,  oval-oblong,  acuminate  at  apex,  slightly 
narrowed  or  slightly  subrotundate  at  base,  glabrous,  coriaceous,  shining,  with  raised  well- 
marked  net-veins  on  both  sides,  6— :7in.  long  by  2J — 2§  in.  wide;  midrib  depressed  above; 
margins  recurved ;  petioles  stout,  wrinkled,  | — ^  in.  long. 

S,  Cymes  axillary,  lin.  long  exclusive  of  the  flowers,  many-flowered,  pubescent ;  flowers 
pubescent,  pentamerous;  calyx  about  fin.  broad  and  high,  partite,  plicate  at  base,  lobes  ovate- 
deltoid,  sides  sometimes  plicate  towards  base,  subobtuse,  shortly  pubescent  on  both   sides; 
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corolla  glabrous  inside,  J  in.  long,  shortly  6-fid,  lobes  rounded ;  stamens  20,  mostly  in  pairs, 
subequal ;  anthers  linear  glabrous,  filaments  very  short,  hispid,  more  or  less  combined  at  base. 
Ovaiy  rudimentary,  represented  by  a  bunch  of  hairs. 
Borneo,  0.  Beccaril  2542,  2616. 


56.      DiOSPYROS  ASTEROCALYX,  Sp.  nOV. 

D.  foliis  aUernis,  ovalibus,  apice  breviter  acuminatisy  basi  obtusis,  glahrts,  coriaceis^  svhinu 
conspicue  reticulatis,  petiolatis;  fioribus  femineia  racemoais  tetrameris,  racemis  5 — 7-/om,  basi 
bracteatis;  calyce  profunde  4-foJo,  ferrugineo-velutino,  stellato,  lohia  margine  revolutis,  coroUd 
urceokUd  4s-fidd;  etaminodiis  3 — 4/  ovario  velutino,  S-hciUari,  loculis  l-aoulatis. 

Buds  and  inflorescence  ferruginous-velutinous,  in  other  parts  glabrate;  leaves  alternate, 
oval,  shortly  acuminate  at  apex,  obtuse  at  base,  coriaceous,  conspicuously  net-veined  beneath, 
2  J — T^in.  long  by  1 J — 3Jin.  wide;  margins  recurved;  petioles  J — fin.  long. 

9 .  Flowers  racemose ;  racemes  1 — 2J  in.  long,  pedicels  patent,  unequal,  ranging  up  to 
^in.  long,  the  lower  ones  the  longer.  Calyx  thickly  coriaceous,  deeply  4-lobed,  stellate,  | — |  in. 
in  diameter ;  lobes  widely  ovate  but  much  revolute.  Corolla  widely  urceolate,  under  ^  in. 
high,  4-fid,  lobes  hairy  on  both  sides,  obtuse ;  staminodes  3  (in  one  case),  glabrous,  inserted  at 
base  of  corolla,  alternate  with  its  lobes.  Ovary  velutinous,  ovoid,  conical  at  apex,  8-celled, 
cells  1-ovuled ;  style  very  short,  lobed  at  apex,  velutinous ;  stigmas  glabrous. 

Borneo,  0.  Beccaril  n.  2612. 


57.    DiOSPYROS  HoRSFiELDiT,  sp.  nov. 

D.  foliis  altemis,  ovalibus  veil  oblongis,  apice  acu/tninatis^  basi  svhrotundatis  vel  obtusis, 
glabrescenUbus,  tenuiter  coriaceis,  supra  nitentibus  depresso-venosis,  subtus  reticidatis,  breviter 
petiolatis;  cymis  lateralibus  vel  axiUaribus,  futigineo-hispidis,  calyce  pltcato,  4i-lobo,  corolld 
urceolatd  ^-lobd,  staminibus  14 — 16  {in  fl.  fem.  12,  sterilibus),  arUheris  glabris,  Jilamentis 
hispidis,  ovario  vn  fioribus  femineis  devise  hispidoy  S-loculari  ;  fructibus  globosis. 

Diospyros  frutescens,  Hasskarl,  Plant.  Javan.  Ear.  p.  467  (1848),  non  Blume. 

Branches  numerous,  terete  and  glabrous,  spreading  at  about  70^  green  when  young, 
afterwards  turning  black.  Leaves  oblong  or  elliptical,  alternate,  soon  quite  glabrous,  acuminate 
at  apex,  somewhat  narrowed  or  nearly  rounded  at  base,  with  veins  plainly  depressed  on 
upper  surface  and  in  conspicuous  relief  beneath,  shining  above,  thinly  coriaceous,  4 — 9^  in. 
long  by  1| — 4  J  in.  wide ;   petioles  \ — J  in.   long. 

^,  Cymes  chiefly  in  the  upper  axils,  fuliginous-hispid,  bearing  3 — 5  flowers,  drooping; 
peduncles  -^ — fin.  long;  pedicels  -^ — Jin.  long;  bracts  oval,  leaf-like;  flowers  ^ — Jin. 
long ;  calyx  J — J  in.  long,  4-lobed,  lobes  ovate,  plicate-connivent,  thickened  and  fuliginous- 
hispid  on  both  sides  over  a  lanceolate  area  proceeding  from  base  to  above  the  middle  and 
with  broad  membranous  everted  glabrous  and  green  margins;  corolla  urceolate,  tetragonal, 
fuliginous-hispid  outside,  straw-coloured  and  glabrous  inside,  4-lobed,  lobes  ovate,  rather  obtuse. 
Vol.  Xn.  Part  I,  25 
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reflexed ;  stamens  14 — 16,  inserted  at  the  base  of  the  corolla  or  on  the  disk,  often  in  pairs 
united  by  their  short  hairy  filaments;   anthers  glabrous;  ovary  rudimentary,  minute. 

9 .  Cymes  corymbose,  many-flowered,  1 — 3  in.  long,  frequently  on  older  branches, 
bract  eate,  fuliginous;  flowers  § — ^  in.  long;  calyx  j^ — Jin.  long,  like  ^j  but  occasionally 
5-partite;  corolla  tetragonal,  4-partite;  staminodes  12,  in  one  row,  attached  by  their  hairy 
filaments  to  base  of  corolla,  anthers  glabrous ;  styles  4,  short,  spreading ;  ovary  densely 
hispid,  with  black  and  rufous  mixed  hairs,  8-celled ;  cells  1-ovuled.  Fruit  globose,  with 
a  central  pit  at  apex  around  remains  of  styles,  about  J — |  in.  in  diameter,  black-hairy  or 
nearly  glabrescent ;   fruiting  calyx   reaching  about  ^  in.  up  fruit,  lobes  auricled  at  base. 

Malacca,  Griffith/  3620;  Java,  Dr  Horsfield!  Eben.  1  (1182)  drawings  n.  128  (pt.)  in 
Brt).  Kew. ;  LeschenavU  /  1669;  PerroUet! 


58.    DiosPYBOs  BoiviNi,  sp.  nov. 

D,  foliia  altemis,  ovato-lanceolatis  vel-oblongis,  apice  obtuse  acuminatts,  host  cordatis,  sub- 
gldbris,  subcoriaceis,  hreviter  petiolatia;  floribus  masculis  luxe  cymosis,  tomentoso-pubescentibus, 
tetrameris,  calyce  campanvlato,  corolld  ii-fiddy  lobis  late  rotundatis,  staminibus  12 — 14,  glabris, 
plerisque  geminatis,   ovarii  rudimento  pubescente. 

Young  branches  and  inflorescence  ferruginous-pubescent ;  shoots  terete,  shining,  rather 
dark.  Leaves  alternate,  ovate-lanceolate  or  -oblong,  rather  obtusely  acuminate  at  apex> 
cordate  at  base,  subcoriaceous,  shining  brown  and  nearly  glabrous  above  with  somewhat 
sunken  veins,  rather  paler  and  nearly  glabrous  beneath  with  somewhat  ruddy  raised  mid- 
rib and  clear  but  not  close  net-veins,  2^ — 6i  in.  long  by  1 — 2|  in.  wide ;  petiole  ^j^i — J  in. 
long,  thick,  pubescent 

<J .  Cymes  lax,  many-flowered,  near  ends  of  branches,  ^ — 2  in.  long,  shortly  hispid- 
pubescent,  ferruginous;  bracts  lanceolate;  flowers  campanulate,  fin.  long,  ^in.  wide,  tetra- 
merous,  tomentose-pubescent ;  calyx  nearly  |  in.  long,  campanulate,  shortly  4-lobed  or 
occasionally  deeper,  lobes  depresso-deltoid,  somewhat  wavy ;  pubescent  on  both  sides ;  corolla 
just  exceeding  the  calyx,  4-fid,  ferruginous-velutinous  outside,  glabrous  within,  lobes  widely 
rounded,  contorted  sinistrorsely ;  stamens  (12  ex  Baillon  in  note)  14 !  (in  2  flowers),  glabrous, 
mostly  in  pairs,  nearly  equal,  inner  ones  rather  shorter,  i  in.  long,  anthers  oblong-linear, 
^  in.  long,  dehiscing  laterally ;  ovary  rudimentary,  pubescent 

Madagascar,  Voyage  of  M.  BoivinI  1847 — 1852. 


69.    DiosPTBOS  LOUBEIRIANA,  Q.  Don,  Gen.  Syst.  Card,  and  Bot  iv.  p.  39.  n.  22  (1837). 

D.  foliia  aUemis,  oblongis  vel  obovato-obloTigis,  aptce  plus  minus  acuminatiSf  basi  rottm" 
datis  vel  subcordatis,  glabrescentibus,  cUiatis,  svimerribranaceis,  supra  saturate-  subtus  flaves- 
centi-viridihuSj  petiolatis;  peduncuiis  axillaribus  sub-S-floris,  glanduloso-pubescentibus,  pediceUis 
basi  bracteis  foliaceis  ovatis  glandulosia  dedduis  suffultis;  calyce  A^jvdo  in  frucbu  aucto,  corolld 
urceolatd  4i-lobd,  staminihus  8  uniseriaXihvs  pilosis  in  jU  fem.  effostis,  ovario  in  fi.  fern.  8- 
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hctdari,  tomenteUo,  stylis  4;  fructibvs  globosis  unciaiibus,  seminibus  oblongis,  albumins  rum 
ruminato. 

Alph.  DC.  Prodr.  vili.  p,  239.  n.  95  (1844). 

Diaspyros  Lottis,  Lour.  FL  Cochin,  p.  226.  n.  1  (1790),  non  Linn,  nee  Blanco. 

Dio8pyro8  macrocalyx,  Klotzsch  in  Peters  Mossamb.  p.  182  1,1862),  non  Alph.  DC. 

A  shrub  2 — 8  ft.  high  or  small  tree  with  young  parts  and  inflorescence  glandular- 
puberulous  and  with  a  few  scattered  pilose  hairs.  Leaves  alternate,  oblong  or  obovate- 
oblong,  submembranous,  weakly  pubescent  on  the  veins  and  ciliate  on  the  margins  when 
young,  glabrescent,  obtuse  rounded  or  subcordate  at  base,  more  or  less  acuminate  at  apex, 
li  to  4 in.  long  by  | — 2^ in.  wide,  besides  petiole  ^ — ^in.  long;  flowers  subhermaphrodite 
or  polygamous,  drooping;   calyx  foliaceous. 

i.  Cymes  3-  or  few-flowered,  glandular-hairy;  peduncles  ^ — ^in.  long,  twice  the  length 
of  the  pedicels,  bearing  ovate  cordate  sessile  bracts  at  apex;  flowers  about  ^in.  long;  calyx  green, 
about  fin.  long  with  4  deltoid  lobes  about  -^in.  deep,  glandular-pubescent  (closed  in  specimen), 
valvate  in  aestivation;  corolla  deeply  4-lobed,  somewhat  pubescent  outside,  urceolate,  white; 
lobes  contorted  in  aestivation;  stamens  8,  in  one  row,  inserted  at  base  of  corolla,  subsessile, 
pilose,  lanceolate ;  ovary  ovoid-conical  or  subglobose,  puberulous,  abortive  or  8  ?  -celled,  sur- 
mounted by  a  4-lobed  style. 

9  Cymes  about  3-  or  many-flowered,  about  | — 1  in.  long,  glandular-hairy ;  peduncle  about 
Jin.  long;  flowers  like  the  g  ;  staminodes  8,  puberulous;  ovary  globose,  shortly  tomentose, 
8-celled,  cells  1-ovuled;  styles  4,  included  in  the  corolla;  fruit  globose,  about  lin.  in  dia- 
meter, puberulous  or  glabrate,  4-celled,  4-seeded.  Fruiting  calyx  accrescent,  deeply  4-lobed, 
more  or  less  covering  the  fruit,  about  lin.  long;  lobes  ovate,  subglabrate,  dilated  and  widely 
subcordate  at  base.  Fruiting  peduncle  strong,  \ — Jin.  long;  pedicels  about  Jin.  long; 
seeds  J  in.  long,  oblong,  embryo  J  in.  long ;  cotyledons  narrow,  rather  longer  than  the  radicle ; 
albumen  cartilaginous,  not  ruminated. 

Local  name  in  Sena  (Mozambique)  nhamod^ma,  according  to  Dr  Klotzsch.  The  natives 
use  the  roots  to  clean  and  dye  their  teeth  red;  fruits  in  January  and  February;  grows 
in  the  neighbourhood  of  Sena,  Dr  Peters/;  Senna,  Kirk!;  Rovuma  River,  Shiramba,  ZiVA? .' ; 
between  Lupata  and  Tette,  Kirk  I ;  Quiloa,  Kirk! ;  Congo,  Burton/;  Angola,  district  Golungo 
Alto,  Wehmtsch!  No.  2533,  frequent  in  thickets  throughout  the  whole  district,  especially 
in  mountainous  woods,  fruit  said  to  be  edible ;  var.  vemalis,  leaves  f — 2  in.  long  by  J — |  in. 
wide,  flowers  solitary  on  shorter  peduncles,  fruiting  calyx  smaller,  less  foliaceous,  a  shrub 
2 — 6  ft.  high,  Angola,  district  Qolungo  Alto,  Welwitsch  2535  b.  The  characters  approach 
those  of  the  genus  Royena,  A  specimen  in  the  herbarium  of  the  British  Museum  without 
flowers  from  Sierra  Leone  gathered  by  Afzeliua!  may  possibly  belong  to  this  species. 


60.    DiosPTROs  Dendo,  Welw.  MSS. 

D.  foliis  aUemis,  ovaH-oblongis,  apice  acwminatia,  basi  leviter  angustatis,  tenuiter  cortaceia, 
glabrescentilnis,  nitido-virentiby^s,  persistentibus ;  floribus  brevissime  cymasia,  axiUaribus,  5 — 6- 
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meris,  dioecis,  calyce  eampanulato,  lUrtnque  pvbescente,  $  5 — Q-fido,  9  pro/unde  Icbato; 
corolld  aperte  campanulatd,  ghbrd^  $  5 — ^-jvdd,  lobis  reflexis^  9  profimde  5 — Q-fdd;  <J  «to- 
mtnibiLS  20  vel  24,  ex8€7ii8,  suhoequaMbuB,  geminatis,  coroUoe  medio  insertis,  pubescentilms ; 
9  staminodiis  0,  ovarto  ovoideo,  glabra,  4i'locuIaribti8,  locuLia  1-oviUatis;  fructihus  subgbbosis, 
glahris,  ^-apenfrm ;  seminibus  stA-heniiaphericis,  aUmmine  non  ruminato ;  calyce  fructifero  aucto, 
patente. 

Plate  X.  a.  a  male  flowering  branch,  ncUurcU  size.  6.  a  male  flower,  magnified  3  dia- 
meters, c,  a  male  corolla  laid  open,  shewing  the  stamens,  m^agnified  3  diameters,  d.  a 
pair  of  stamens,  magnified  6  diameters,  e.  a  female  flowering  branch,  natural  size.  /.  a 
female  flower,  m/ignified  3  diameters,  g,  the  same  after  the  removal  of  the  corolla,  mag^ 
nified  3  diameters.  A.  a  vertical  section  of  the  last,  shewing  ovules  inside  the  ovary, 
magnified  4  diameters,  i.  a  fruiting  branch,  natural  size.  k.  a  fruit,  natural  size.  I.  m. 
a  seed,  natural  size.  n.  transverse  section  of  a  seed,  natural  size.  o.  embryo,  magnifijed 
6  diameters. 

A  tree  25 — 35  feet  high,  valuable  as  timber.  Wood  very  black  and  hard  in  the  centre. 
Trunk  1 — 2  ft,  in  diameter.  Branches  terete,  smooth,  of  dark  brown  colour,  glabrescent ; 
young  parts  shortly  and  closely  fulvo-pubescent  Leaves  alternate,  elliptic-oblong,  shortly  and 
obtusely  acuminate  at  apex,  slightly  or  scarcely  narrowed  at  base,  thinly  coriaceous  or  sub- 
membranous,  darker  above,  shining,  glabrescent  or  midrib  and  sometimes  principal  veins 
puberulous  on  both  sides,  midrib  depressed  above;  evergreen,  2 — S^in.  long  by  1 — 2|in. 
wide;  petioles  \ — Jin.  long,  puberulous;  principal  lateral  veins  distant,  clear  and  slender 
beneath,  inconspicuous  above,  arching;  tertiary  veins  transverse,  slender.  Inteiixodes  much 
shorter  than  the  leaves.  Inflorescence  axillary  or  slightly  supra-axillary,  shortly  and  closely 
fiilvo-pubescent,  in  short  clustered  several-flowered  cymes.  Flowers  5 — 6-merous,  dioecious; 
pedicels  short 

<J.  Flowers  |in.  long;  calyx  -^in.  long,  campanulate,  6 — 6-fid,  shortly  pubescent  on  both 
sides,  lobes  ovate;  corolla  glabrous,  5 — 6-fid;  tube  campanulate;  lobes  Jin.  long,  elliptical, 
wholly  reflexed,  rounded  at  apex,  contorted  sinistrorsely  in  aestivation.  Stamens  20,  24,  ap- 
pearing at  the  mouth  of  the  open  corolla,  equal  or  subequal,  biseriate,  distinct,  one  pair 
inserted  alternate  and  another  pair  opposite  to  each  corolla-lobe;  inner  series  inserted  slightly 
below  the  outer  about  the  middle  of  the  corolla,  that  is,  about  the  top  of  its  tube; 
anthers  linear,  erect,  hairy,  sessile  or  subsessile;  pollen  globular,  smooth.  Ovary  rudimentary, 
glabrous. 

5.  Flowers  Jin.  long.  Calyx  campanulate,  deeply  5 — 6-lobed,  shortly  pubescent  on  both 
sides;  lobes  ovate-lanceolate;  accrescent  in  fruit.  Corolla  openly  campanulate,  glabrous  or 
nearly  so,  deeply  5 — 6-fid;  lobes  oblong,  erect  or  spreading,  obtuse.  Staminodes  0.  Ovary 
glabrous,  obtusely  conical,  4-celled,  bilobed  at  apex;  cells  1-ovuled.  Style  0;  stigmas  2,  com- 
pressed, with  thin  margins.  Fruit  subglobose,  glabrous,  about  J  in.  in  diameter,  2-seeded.  Seeds 
sub-hemispherical,  Jin.  in  diameter;  albumen  white,  not  ruminated,  cartilaginous;  embryo 
axile,  I  in.  long,  nearly  straight;  radicle  t^in.  long,  bent  near  upper  end;  cotyledons  ovate, 
equal,  thin,  not  veined.  Fruiting  calyx  spreading,  1 — l|in.  across,  puberulous;  lobes  ovate 
or  lanceolate,   subobtuse. 

See  Welwitsch,    Synopse   das  Amostras  de  Madeiras  &c,  p.   10   (1862), 
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W.  Tropical  Africa,  Angola,  Distr.  Qolunto  Alto,  frequent  in  dense  primitive  woods, 
flowers  from  December  to  February,  fruits  in  Mai-ch,  Dr  Welwitach!  nos.  2537,  2538. 
Native  name  Dendo  or  N-Dendo, 

61.    DiosPYROS  (?)  CuNALON,  Alph.  DC.  Prodr.  vni.  p.  237  n.  79  (1844). 

D.  foliis  altemis,  late  lanceolatis,  apice  ohtusis,  glahris,  brevissime  petiolatis,  margtne 
revolutis;  florUma  breviter  racemoso-cymoaisy  calyce  campamdato,  lobis  4  rariiis  5  roiundatis, 
coroUce  lobis  4  profundis  acutis,  staminibus  S,  corollce  adnatis,  4  bast,  4i  medio  loborum; 
avario  globoso,  stylis  2;  baccia  ghbosis,  4i4ocularibu8y  loculis  monospermis. 

(Cunalon),  Blanco,  Flora  de  Filipinas  pp.  304,  305  (1837). 

A  tree  with  erect  and  branching  trunL  Leaves  alternate,  broadly  lanceolate,  obtuse 
at  apex,  glabrous;  the  margins  entire  and  reflexed;  petioles  very  short.  Flowers  in  small 
racemose  panicles.  Calyx  free,  persistent,  campanulate,  with  4  or  rarely  5  rounded  lobes. 
Corolla  longer  than  the  calyx,  with  4  deep  acute  lobes.  Stamens  8,  inserted  on  the  corolla, 
4  at  the  base  and  the  other  4  at  the  middle  of  the  lobes;  filaments  shorter  than  the 
corolla,  compressed ;  anthers  erect,  acute.  Ovary  globose,  enclosed  within  the  flower ;  styles 
2,  linear,  compressed ;  stigmas  simple.  Fruit  baccate,  globose,  juicy,  4-celled ;  cells  1-seeded ; 
seeds  oblong,  convex  and  canaliculate  outside,  angular  inside,  very  hard  and  homy,  and 
"covered  with  a  thin  aril." 

Cebu,   Philippine  Islands,  Blanco,  loc.  dU 

The  leaves  and  fruit  turn  very  black  at  maturity  and  are  used  by  the  islanders  to 
dye  cloth.  The  black  colour  produced  is  good  and  fast  and  without  notable  smelL  Flowers 
in  October.    Called  Cunalon  in  JBisayas,  Philippine  Islands. 

62.     DiosPYROS  TETRASPEBMA,  Sw.  Prodr.  p.  62  (1788). 

D.  foliis  altemis,  anguste  obovabisy  apice  obtvsisy  Ixisi  cuneatis,  glabris,  subcoriaceis,  breviter 
petiolatis;  floribus  masctdis  3 — 4-7iw,  breviter  cymosis,  calyce  campanidato,  subglahrescevvte^ 
4-  rarius  b-fido,  corolld  tubulosd,  extus  sericed,  breviter  4t'fiddy  staminibus  8,  gkdms,  gemi- 
natis;  fioribus  femineis  solitariis^  staminodiis  4,  ovario  conico,  pubescente,  4t-loculari,  locuiis 
I'ovidatis,  fructibus  globosis,  glabris,  seminum  aJbumine  *' radiato-striaio  quasi  fibrosOy  car- 
noso,  albo." 

Fl.  Ind.  Occ.  p.  678  (1800),  Gaertn.  f.  Carp,  iil  p.  138.  t  208  (1805),  Alph.  DC.  Prodr. 
vin.  p.  222.  n.  1  (1844). 

2>.  obovata,  Jacq.  Hort.  Schoenbr.  iii  p.  34.  t  312  (1798),  non  Wight. 

A  shrub  glabrous  except  the  inflorescence  and  young  parts;  stem  lin.  thick;  branches 
pale,  at  about  40^;  shoots  slender,  subvelutinous.  Leaves  alternate,  oblanceolate-oblong  or 
obovate,  subcoriaceous,  the  younger  ones  sometimes  pellucid-punctate,  cuneate  at  base  into 
short  petiole,  rounded  or  obtuse  at  apex,  deep  green  above,  paler  beneath;  veins  raised 
on  both  sides;   1| — 3 in.  long  by  i — lin.  wide;  petioles  -^ — fin.  long. 

^  flowers  in  8 — 4-flowered  cymes;  cymes  recurved,  Jin.  long,  with  short  appressetl 
hairs.    Flowers  about  Jin.  long.    Pedicels  very  short    Bracts  small,  caducous.    Calyx  about 
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^in.  long,  green,  nearly  glabrescent,  campantilate,  4 — 5-  usually  4-fid;  lobes  deltoid  or  rounded. 
Corolla  tubular,  pale  with  appressed  short  hair  outside,*  with  4  spreading  obtuse  lobes  half 
the  length  of  the  tube.  Stamens  8,  distinct,  2  alternating  with  each  corolla-lobe,  the 
inner  ones  being  shorter  and  inserted  at  very  base  of  corolla-tube,  or  hypogynous,  the  outer 
ones  longer  with  filament  and  anther  about  equal  and  inserted  rather  above  base  of  corolla 
tube,  or  hypogynous;   all  glabrous.     Ovary  rudimentary,  with  short  hairs. 

9  flowers  solitary,  on  erect  peduncles  about  i^in.  long;  calyx  and  corolla  as  in  ^  ; 
staminodes  4,  alternating  with  corolla-lobes  and  inserted  at  base  of  its  tube ;  ovary  conical, 
hairy,  4-celled,  4-ovuled,  continuous  with  hairy  style  which  is  4-lobed  and  glabrous  at  apex. 
Fruit  globose,  about  ^in.  thick,  pale,  glabrous,  4-celled,  4-seeded.  Fruiting  calyx  4 — 5-fid, 
not  or  scarcely  accrescent,  concave  or  somewhat  spreading,  glabrous.  Fruiting  peduncle  ^^j — J  in. 
long,  patent;  seeds  Jin.  long;  testa  rather  rough;  albumen  not  ruminated,  but  somewhat 
striated  in  a  radiated  manner. 

Jamaica,  Mr  March  I  No.  1190;  Purdie!  (<J  and  9  fl.  and  fr.,  October);  Swartz,  i  fl. 
July ;  St  Domingo,  Jacquin,  <5  fl.  May ;  Cuba,  teste  Grisehdch  (the  specimen  PI.  Cub.  Wright, 
n.  348,  has  a  somewhat  different  foliage  and  fruit-calyx). 


63.    DiosPTROS  Carthei,  sp.  nov. 

D.  foliis  altemis,  elliptico-oblongis,  utrinque  ohtusis,  glahrid,  coriaceis,  petiolatis ;  floribm 
masculis  evb-B-niSy  svbsessUibiLS,  confertis,  cudUaHbus,  tubtdosis,  ferruffineO'piihescentibua,  4 — 6- 
JldiSy  calyce  campanvkUo,  coroUd  gracili;  lohia  ohtusis,  staminibus  8,  inceqtuilibus,  ovarii 
rudimento  piloso. 

Glabrous  and  dark  except  inflorescence  and  buds;  branches  terete.  Leaves  elliptic- 
oblong,  alternate,  coriaceous,  not  pellucid-punctate,  of  same  colour  on  both  sides,  4 — 5  in. 
long  by  1| — IJin.  wide;  petioles  fin.  long,  spreading. 

J.  Flowers  about  5  together,  subsessile,  crowded,  axillary,  tubular,  slender,  { — Jin. 
long,  ferruginous-pubescent,  the  colour  greenish  beneath  the  hairs;  calyx  ^in.  long,  cam- 
panulate,  4 — 6-  (5 — 6!)  -fid;  lobes  lanceolate.  Corolla  4-fid,  slender,  ^ — |in.  long,  ferru- 
ginous-hairy outside,  constricted  in  midrib;  lobes  imbricated,  obtuse.  Stamens  8,  unequal 
by  shorter  or  longer  filaments,  glabrous,  -^^ — Jin.  long,  anthers  dehiscing  longitudinally 
along  their  sides;  pollen  ellipsoidal.     Ovary  rudimentary,  represented  by  hairs. 

Manila,  Philippine  Islands,  Carthei 


64,    DiosPYROS  POLYALTHioiDES,  Korthals  MSS.  in  Hb.  Ludg.  Batav.  Eben.  nn.  6—9, 12—14. 

D.  foliis  aUemis,  oUongis,  apice  actsti  acuminatis,  basi  obtugis,  tenmter  coriaceis,  suprA 
glabris,  9ubtiis  subghJbris;  floribm  mascuHs^  aggregatis,  breviter  cymosiSy  axiUaribus,  Mongis, 
sericetSy  calyce  campa/nvlato,  4 — S-fldo,  eoroUd  tubidosd,  breviter  ^fldd,  lobis  obtt^  patentOms, 
staminibus  8,  glabris,  receptaculo  insertis,  inosqualibus;  floribua  femineis  aodUaribus,  breviter 
oymosis;  fructibus  svbsolitariis,  breviter  pedtmculatis,  globosis,  pubescentibus,  8-locularibus ; 
caJyce  frwitifero  aucto,  profande  4hlobo,  ampliato^  lobis  undidatis,  latis,  erectis. 
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Dioecious.  Shoots  ferruginous-pubescent,  terete.  Leaves  oblong,  alternate,  obtusely  nar- 
rowed or  nearly  rounded  at  base,  acutely  acuminate  at  apex,  thinly  coriaceous,  glabrous  and 
rather  shining  above  except  the  depressed  midrib,  nearly  glabrous  beneath  except  the 
midrib  and  weak  slender  lateral  veins,  6 — 8  in.  long  (besides  hairy  petiole  -f^ — |  in.  long) 
by  1| — 2J  in.  wide;  margins  just  recurved;  lower  surface  somewhat  red;  not  pellucid- 
punctate;  a  few  dark  depressed  glands  usually  exist  on  the  lower  surface,  especially  near 
the  base  and  in  the  fruiting  specimens. 

^ .  Cymes  axillary,  many-flowered,  sericeous-ferruginous,  -^ — ^  in.  long  (excluding  the 
flowers ;  pedicels  about  ^  in.  long ;  bracts  small.  Flowers  sericeous,  about  i  in.  long  in  bud, 
crowded.  Calyx  nearly  J  in.  long,  campanulate,  4 — 5-fid ;  lobes  deltoid  or  oval,  hairy  on 
both  sides;  corolla  shortly  4-fid,  tubular;  lobes  obtuse,  much  imbricated  in  bud,  oval,  Jin. 
long ;  glabrous  inside,  spreading ;  tube  constricted  at  the  top.  Stamens  8,  glabrous,  inserted 
on  the  receptacle,  unequal,  combined  more  or  less  by  their  filaments  at  base;  anthers  linear, 
acute  (when  young),  longer  than  their  filaments.     Ovary  0.     Rarely  a  flower  is  tnmerous. 

9  -  Cymes  axillary,  about  \  in.  long,  sericeous-ferruginous,  bearing  3 — many  flowers ;  bracts 
caducous ;  pedicels  J  in.  long.  Calyx  plicate,  |  in.  high,  longer  than  the  corolla.  Flowers 
4 — 5-merous.  Fruit  subsolitary,  on  peduncles  J — ^  in.  long,  enclosed  when  young  by  accres- 
cent deeply  4-lobed  calyx ;  fruit  globose,  ferruginous-hairy,  about  J  in.  in  diameter  (perhaps 
not  mature),  8-celled,  (8-ovuled),  8-seeded.  Pericarp  rather  thick  ;  dissepiments  thin.  Fruiting 
calyx  f  in.  high,  deeply  4-lobed,  hairy  on  both  sides ;  ample  at  the  sinuses ;  lobes  widely 
ovate  with  margins  wavy,  wide  at  base. 

Borneo,  Korthahl 

Plate  VII.  A  branch  in  male  flower,  natural  size.  a.  Calyx  laid  open  and  stamens,  the 
corolla  having  been  removed,  magnified  3  diameters,  b.  A  branch  in  young  fruit,  natural 
size, 

65.    DiosPYROS  KiKKii,  sp.  nov. 

D.  foliis  ovalibuSy  altemis,  utrinque  rotundalis,  coriaceis,  veltUinis,  petiolatis;  florihus 
masculis  aaUlaribuSy  breviter  cymosia,  4-  rarius  S-meris,  calyce  campanulato,  so&pius  A^fido, 
carotid  tubulosd,  breviter  ^-lobd,  staminibus  9 — 10,  glabris,  inceqvalibu^ ;  fioribus  femineis  soli- 
tariis,  breviter  pedunculatiSy  staminodiis  8,  ovario  globoso,  4i'loculari,  fulvo-tomentoso,  hcvlis 
I'OVulatis;  fructibus  eduiibus, 

^  A  fruit-tree  with  young  shoots  ferruginous- tomentose- puberulous ;  branches  cinereous 
glabrescent,  terete.  Leaves  elliptical  or  oval-oblong,  alternate,  coriaceous,  rounded  at  both 
ends ;  velutinous-puberulous,  sub-nitescent  above  with  delicate  slightly  raised  veins ;  velutin- 
ous-pubescent  fulvous  beneath  with  raised  rufous  midrib  and  lateral  veins;  IJ — 4  in.  long 
by  I — 2i  in.  wide ;  petioles  hairy  J— J  in.  long. 

g.  Inflorescence  axillary,  in  several-flowered  cymes,  rufous-tomentose,  raised  on  pe- 
duncles about  i  in.  long,  with  short  pedicels,  bracteate ;  flowers  ^  in.  long,  tetramerous  or 
rarely  pentamerous ;  calyx  -gj^  in.  high  ferruginous- velutinous  outside,  appressedly  hairy  inside, 
4-fid,  campanulate,  rarely  with  5  unequal  lobes ;  corolla  inflated-tubular,  with  4  short  ovate 
patent  lobes,  glabrous  inside;  stamens  9,  10,  glabrous,  inserted  at  base  of  corolla  or  on  recep- 
tacle, unequal,  on  short  filaments;  ovary  0. 
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S .  Flowers  solitary,  on  short  peduncles,  ^  in.  high ;  fulvo-velutinous ;  calyx  4 — S-lobed, 
f  in.  long ;  with  lanceolate  erect  lobes  fjj — ^  in.  deep,  hairy  on  both  sides ;  corolla  tnin- 
cately  conical,  with  5  (or  4  ?)  very  short  spreading  obtuse  lobes,  glabrous  inside ;  staminodes 
8,  inserted  at  base  of  corolla  and  1  on  receptacle  (in  flower  examined),  glabrous;  ovary 
fulvous-velutinous,  globular,  4-celled  with  2  styles  hairy  at  base;  cells  1-ovuled;  stigmas 
glabrous,  lobed ;  young  fruit  fulvo-velutinous,  with  calyx-lobes  appressed  or  erect ;  pulp  of 
fruit  good  when  made  into  a  cake. 

Africa,  Zambesia,  above  Tette,  common.     Dr  Kirk! 

66.     DiOSPYROS  VELUTINA,  sp.  nov. 

B.  foliis  altemis,  ovalihus  vel  ohhngis,  coriaceis^  subtus  fuivO'Velutints  interdum  pvhescen- 
tibua  et  peUucido-punctatis,  petiolatis;  fiorihus  masculis  temis,  breviter  cymosis,  3 — 4-mem, 
ferrugineo-hirstUis;  calyce  campanuiato,  3 — 4-^do,  lobis  obtusis,  corolld  tubulosd,  3 — 4flobd, 
staminibics  12,  glahris,  incequalibtis ;  floribus  fejuimeis  solitariis  breviter  pedunculatis,  calyce 
3 — 5'lobo,  corolld  ii-lobd,  ovario  dense  fulvo-sericeo,  subgloboso,  S-loculari;  stylis  4;  fructilms 
globosis,  albwmine  non  ruminato. 

A  dioecious  shrub  about  6  feet  high  or  small  tree;  shoots,  leaves  especially  on  the 
under-side,  and  inflorescence  ferruginous-velutinous ;  branches  glabrescent,  terete,  shining, 
spreading  at  about  60^  Leaves  oval  or  oblong,  somewhat  narrowed  (sometimes  acutely),  obtuse, 
rounded  or  even  cordate  at  either  or  both  ends,  coriaceous,  shining  and  comparatively  gla- 
brescent above  with  (in  some  specimens)  more  or  less  depressed  veins,  densely  ferruginous- 
velutinous  beneath,  or  in  some  specimens  becoming  less  hairy  and  then  with  small  pellucid 
dots,  alternate,  1 J — 6  in.  long  by  | — 2  J  in.  wide  ;  petioles  ^ — J  in.  long,  ferruginous-velutin- 
ous.    Inflorescence  short,  axillary,  ferruginous-velutinous;   bracts  narrow,  caducous. 

i .  Flowers  usually  3  together,  on  peduncles  -^ — ;^  in.  long,  trimerous  or  the  central 
ones  tetramerous,  about  J  in.  long ;  calyx  ^  in.  long,  ferruginous-velutinous  outside,  glabrous 
inside,  3-  or  4-fid,  with  obtuse  lobes;  corolla  ferruginous-sericeous,  3-  or  4-  lobed,  tubular, 
nearly  J  in.  long,  lobes  j — J  in.  deep,  oval,  glabrous  inside,  spreading ;  stamens  12,  glabrous, 
some  in  pairs,  unequal  in  the  pairs,  the  inner  ones  the  shorter;  filaments  short,  anthers 
linear-oblong;   ovary  ferrugineous-hairy,  rudimentary. 

9 .  Flowers  and  peduncles  solitary,  ferruginous,  hairy ;  peduncles  I — ^  in.  long ;  flowers 
I  in.  long ;  calyx  ^  in.  long  by  J  in.  wide,  3 — 5-lobed ;  lobes  {  in.  deep  by  J  in.  wide,  fer- 
ruginous-tomentose  on  both  sides,  rounded  or  deltoid,  cordate  at  base,  with  undulating  sides, 
often  emarginate  at  apex,  with  central  boss  inside  near  base;  corolla  shortly  tubular  with  4 
short  acute  spreading  lobes ;  staminodes  2  (in  one  case),  glabrous ;  ovary  densely  fiilvo- 
sericeous,  subglobose,  8-celled,  with  a  short  neck  terminated  by  4  styles;  cells  1-ovuled; 
stigmas  emarginate.  Fruit  globose,  shining,  pale,  glabrate,  except  at  the  apex,  about  5-celled 
and  5-seeded,  pulpy,  J — |  in.  thick ;  seeds  about  f  in.  long,  enveloped  in  pulp  considered 
by  Mr  Miers,  in  Ann.  Mag.  Nat.  Hist.  ser.  ii.  vol.  viii.  p.  164  (1851),  to  be  of  the  nature  of 
an  aril,  not  however  in  the  dried  state  suggesting  such  an  origin;  fruiting  calyx  3 — 4- 
lobed,  spreading,  tomentose,  -j^j — J  in.  across ;  lobes  more  or  less  emarginate,  especially  in  the 
trimerous  ones;  albumen  homy,  not  ruminated,  but  (in  some  specimens)  obscurely  striate 
in  a  radiating  manner.  ' 
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Brazil,  Rio  de  Janeiro,  Jurujuba  Bay,  Mr  Miers  I  3709 ;  Serra  de  Araripe,  Oardmer ! 
1512  (<J  fl.  Sept);  between  Franqueira  and  Canariera,  Gardner!  2284  (albumen  radiately 
striate,  fruit  in  March);  New-Granada,  Prov.  Mariquita,  Piedros,  banks  of  Magdalena,  1300  ft. 
alt.,  Trianal  2612;  Mexico,  Carmen  and  neighbourhood,  Dr  Warra!  226  (plant  in  young 
fruit  with  acute  leaves  and  calyx  3-fid  having  pointed  lobes).  Possibly  2  or  3  diflFerent 
species  are  here  described  together.  Cfr.  Maba  inconstans,  Griseb.  which  is  like  this  plant 
in  some  states. 


67.    DiosPYBOS  PLEcrrosEPALA,  sp.  nov. 

D.  foliis  altemis,  ovalibits,  apice  acuminatis,  basi  angTistatis,  subglabris,  tenuiter  coriaceis, 
bretnter  petiolatis;  fioribus  mascvlis  brevissime  cymosis,  dxiUaribus,  pentameris,  hirsiUis,  brae- 
teatis,  campanvJato-oblongis,  calyce  profuTide  lobato,  lobis  rotundis  vaide  contortis,  corollcB  lobis 
ovalibua  obtttsis,  ataminibus  12  ghhris  incequalibus,  ovarii  rudimerdo  hirsuto. 

Branches  terete,  sparsely  hispid  with  mixed  brown  and  black  short  hairs.  Leaves  alternate, 
oval,  acuminate  at  apex,  somewhat  narrowed  at  base,  thinly  coriaceous,  scattered  especially 
beneath  with  a  few  inconspicuous  appressed  short  stiff  hairs,  IJ — 4|  in.  long  by  ^ — 1^  in. 
wide,  dark  green  '  above  ;  lateral  veins  few,  delicate ;  petioles  ^ — J  in.  long,  hispid. 

<J.  Flowers  few  or  several  together,  in  very  abbreviated  hispid  axillary  cymes,  penta- 
merous,  J  in.  long,  campanulate-oblong ;  bracts  small  Calyx  deeply  6-lobed,  scarcely  half  the 
length  of  the  flower,  hirsute  outside,  glabrous  inside,  lobes  round,  much  imbricated,  cordate  at 
base.  Corolla  densely  hirsute  outside  with  pale  appressed  hairs,  glabrous  inside,  5-fid ;  lobes 
oval,  obtuse.  Stamens  12,  glabrous,  unequal,  hypogynous  or  inserted  at  very  base  of  corolla. 
Ovary  minute,  rudimentary,  hairy. 

Borneo,  0.  Beccaril  n.  3225. 


68.    DiosPTROS  STRICTA,  Roxb.  Cat.  PI.  Fl.  Ind.  p.  93  (1813). 

D.  trunco  stricto,  apice  tantum  ramoso;  foliis  aUemis,  ovato-oblongis,  apice  vaide  axnimi" 
natis,  basi  svbrotv/ndis,  svhmembranaceis^  dliatis,  subtvs  sparse  pubescentibus,  breviter  petiola-- 
tie;  cymis  mascvlis  brevissimis,  3 — Q-floris,  bracteatis,  fioribus  subsessilibuSt  it-meris,  hirsutism 
caiyce  parvo,  profunde  lobato,  coroUd  urceolaJto-oblongd,  staminibus  14 — 16,  glabris;  fructibus 
solitariis,  breviter  pedunculatis,  obovoideis,  basi  conicis,  glabris;  seminibus  oblongis,  aXbumine 
non  rvminato, 

Roxb.  Hort.  Beng.  p.  40  (181 4j ;  Fl.  Ind.,  edit.  1832,  ii.  p.  539.  n.  14 ;  Drawings  no.  2507  in 
Hb.  Kew ;  Wall.  List  n.  4121  (1828—32);  Alph.  DC.  Prodr.  viii.  p.  232.  n.  47  (1844). 

A  tall  slender  conical  tree  with  a  trunk  perfectly  straight,  as  in  firs,  to  the  very  top ; 
branches  spreading  at  40°,  terete ;  young  shoots  subtomentose,  covered  with  dull  tawny  patent 
short  hairs,  glabrescent.  Leaves  ovate-oblong,  much  acuminate  at  apex,  obtuse  at  base,  sub- 
membranous,  alternate,  erect-patent,  pubescent  beneath,  ciliate,  glabrous  above  except  on  the 
midrib,  2 — 3^  in.  long  by  about  1  in.  wide ;  petioles  about  \  in.  long,  pubescent ;  veins  incon- 
spicuous especially  on  upper  face. 

Vol.  XIL  Paut  L  26 
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$.  Flowers  \  in.  long,  3—6  together,  crowded  and  subsessile  on  short  pubescent  cymes 
about  the  length  of  the  petioles,  tetramerous.  Bracts  numerous,  hairy,  at  base  of  very  short 
pedicels.  Calyx  tawny-hirsute  outside,  small,  -j^  in.  long,  with  4  deep  ovate  apiculatc  lobes, 
glabrous  inside.  Corolla  salver-shaped,  -^  in.  long,  tawny-hirsute,  much  contracted  towards 
top  of  tube ;  tube  inflated  below,  ^  in.  long ;  lobes  oval,  patent  or  reflexed,  shorter  than  the 
tube.  Stamens  14—16,  glabrous,  single,  about  half  the  length  of  the  corolla- tube,  most  in- 
serted in  one  row  at  base  of  corolla  and  nearly  equal,  some  inserted  on  the  disk;  filaments 
about  as  long  as  the  anthers.     Receptacle  convex. 

9 .  Fruit  solitary,  on  patent  peduncles  which  are  about  J  in.  long  and  thicker  towards 
the  apex  and  continuous  with  small  tawny-hairy  shortly  4-lobed  calyx.  Fruit  egg-shaped 
but  somewhat  conical  towards  base,  1\  in.  long  by -j^  in.  thick,  unequally  4?-celled,  glabrous. 
Seeds  oblong,  albumen  not  ruminated. 

East  Bengal,  Tipperah,  Roxburgh  ( ^  fl.  March) ;  Griffith !  3624  (in  fruit) ;  Chittagong, 
Drs  J.  D,  Hooker  and  T.  Thomson/;  Silhet,  &a  Roxhurgh^  Hort.  Beng.  p.  40. 


69.    DIOSPYROS  ERiANTHA,  Champ,  in  Kew  Joum.  Bot.  iv.  p.  302  (1852). 

2).  foliis  distichis,  ohlongo'lanceolatis,  apice  acuminatiSy  hcLsi  oltusis,  tenuiter  coriaceis, 
euprd  nitidis,  subtus  secus  venas  pilosis,  breviter  petiolatis;  Jhribus  mascuiis  1 — 3-nts,  aodl- 
laribiLSf  subsessilibus,  basi  bracteatis,  tetrameris,  hirsutis,  calyce  profunde  lobato,  corolld  hypocra^ 
teriformi,  lobis  lanceolatis,  dcuminatis,  patentihus,  staminibus  14—16,  glabris;  floribus  femineis 
solitariis,  staminodiis  8,  imiserialibus,  glabris,  ovario  viUoso,  i-hcfulari,  locvlis  1-ovrdatis ;  fruC" 
tibus  oblongis,  sulglabraiis,  monospemiis,  aUmmine  non  ruminato. 

Benth.  Fl.  Hongkongens.  p.  210.  n.  2  (1861). 

A  small  tree,  with  young  shoots ;  margins,  mid-rib  and  lateral  veins  of  underside  of  leaves 
and  inflorescence  covered  with  stiflF  appressed  rusty  pubescence ;  branches  spreading  at  about 
35',  glabrescent,  terete.  Leaves  oblong-lanceolate,  much  acuminate  at  apex,  obtuse  or  nearly 
rounded  at  base,  distichous,  thinly  coriaceous,  shining  and  with  slight  depressed  inconspicuous 
midrib  and  lateral  veins  above;  ruddier  and  with  raised  and  rather  conspicuous  midrib  and 
lateral  veins  beneath ;  2| — 4J  in.  long  by  f — IJ  in.  wide ;  petioles  ^ — J  in.  long,  pubescent 
when  young.  Bracts  much  imbricated,  numerous,  especially  in  9,  concealing  the  very  short 
peduncle  and  young  flowers,  pubescent  when  young,  wide,  rounded  or  obtusely  narrowed. 

<J.  Flowers  subsolitary,  1 — 3  together,  axillary,  not  nodding,  subsessile,  tetramerous, 
■^  in.  long.  Cafyx  deeply  4-fid,  J  in.  long,  with  lanceolate  hirsute  lobes.  Corolla  tubular,' 
salver-shaped,  hirsute  outside,  glabrous  inside,  4-lobed,  white;  tube  xlr  ^^-  l^i^g;  lobes  ^  in. 
lohg,  spreading,  acuminate,  lanceolate,  imbricated  sinistrorsely.  Stamens  14—16,  inserted  in 
pairs  at  base  of  corolla,  glabrous;  anthers  acuminate;  the  interior  filaments  shorter,  the 
outer  ones  longer.    Ovary  rudimentary,  small. 

9 .  Flowers  solitary,  subsessile,  tetramerous ;  calyx  -^  in.  long,  like  cJ .  Corolla  equal- 
ling the  calyx ;  lobes  acute.  Staminodes  8,  glabrous,  in  one  row.  Ovary  hairy,  4-celled ; 
cells  1-ovuled;  style  bifid  to  the  middle  with  contiguous  emarginate  lobes,  glabrous  except 
at  base.     Fruit  glabrate  or  nearly  so,  oblong,  about  J  in.  long,  shining,  1-seeded.     Fruiting 
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calyx  f  in.  long,  with  apiculate  lobes,  somewhat  spreading.  Albumen  not  ruminated ;  embryo 
straight. 

Hong  Kong,  C.  Wright!  64;  in  the  Happy  Valley  woods,  Champion!  133,  147;  Borneo, 
Korthdis!. 

D,  Teysmanni,  Miq.  in  Fl.  Ind.  Bat.  Suppl.  I.  pp.  250,  583  (1860),  belongs  to  the  above 
species ;  it  however  differs  by  rather  smaller  leaves  with  nearly  or  quite  glabrous  lateral  veinis 
and  with  the  upper  surface  paler  than  in  the  above  species.  Local  name  Kajoe-ngingeh.  Near 
Kabagoesan  on  the  coast  in  Lampong,  S.  Sumatra,  TeijsmannI 

70.    DiosPYKOS  VARIEGATA,  Kurz  in  Journ.  Asiat.  Soc.  Beng,  vol.  XL.  pt.  ii.  p.  73.  n.  95  (1871). 

D.  foliia  ohlongis,  acutis  vel  acuminatisy  tenuiter  coriaceis,  glabria,  petiolatis;  floribus  maS" 
cults  tetramerisy  temis  vel  paucis,  in  cymia  aadllaribus  breviter  pedicellatis,  calyce  puierulo,  hbis 
late  oblongia  obtiisis,  coroUoe  tvbo  quam  calyce  paulum  longiore,  hbis  ovaUs  acutis  tubi  Umgitydine, 
staminibus  drciter  16  inceqiial'Ufus,  arUheris  glahris. 

Flora,  1871,  p.  342. 

A  moderate-sized  tree,  quite  glabrous  except  the  buds.  Leaves  varying  from  elliptic- 
oblong  to  oblong,  usually  rather  unequal  and  but  little  narrowed  at  base,  acute  or  acuminate, 
entire,  5 — 10  in.  long,  thinly  coriaceous,  glabrous ;  petioles  \ — \  in.  long,  crass ;  lateral  veins 
prominent  below;  net- veins  rather  distant  and  conspicuous  beneath. 

,J .  Flowers  yellow,  tetramerous,  in  bud  | — -^  in.  long,  elongated,  very  shortly  pedicelled, 
3  or  few  together,  in  axillary  shortly-stalked  minutely  puberulous  bracteated  cymes,  on  yo\ing 
usually  leafless  shoots,  simulating  racemes;  bracts  wide,  rather  acute,  puberulous.  Calyx 
puberulous;  lobes  widely-oblong,  obtuse,  about ^  in.  long.  Corolla  urceolate  (-oblong?);  tube 
a  little  longer  than  the  calyx;  lobes  ovate,  acute,  equalling  the  tube.  Stamens  about  16, 
unequal,  inserted  at  the  base  of  the  corolla;  filaments  short;  anthers  linear,  cordate  at  the 
base,  acuminate,  glabrous. 

Pegu,  Dr  Brandts  ! 

71.    DiosPYROS  DASYPHYLLA,  Kurz  in  Journ.  Asiat  Soc.  Beng.  vol.  XL.  pt.  ii.  p.  71.  n.  92. 

(1871). 

D.  foliis  obUmgis  vel  ovali-oblongis,  apice  acutis  vel  breviter  acuminatis,  basi  rotundatis  vel 
subcordatis,  charta^ceis,  secus  nervos  puherulis,  breviter  petiolatis;  floribus  mascrdis  tetrameris,  in 
cymis  brevibus  fulmhpvbescentibus  axillaribus  vel  supra  foliorum  delapsorum  cicatrices  erum- 
pervtibus  dispositis,  calyce  partite,  lobis  rotundatis,  coroUd  tuhuhsd,  pautvm  amplioM,  staminibus 
drciter  16,  fiiamentis  valde  iiwsqualibu^,  ovarii  rudim^nto  fulvo-hirsuto. 

Flora,  1871,  p.  333. 

A  tree  (?)  with  branchlets  densely  tawny-pubescent.  Leaves  varying  from  oblong  to 
oval-oblong,  on  petioles  ^ — J  in.  long,  densely  tawny-pubescent,  rounded  or  subcordate  at 
base,  acute  or  shortly  acuminate,  4 — 6  in.  long  by  IJ — 3  in.  wide,  chartaceous,  with  long  cilia 
when  young,  afterwards  softly  puberulous  on  the  veins  above  and  below. 

26—2 
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<5 .  Flowers  in  bud  nearly  |  in.  long,  tetramerous,  shortly  pedicelled,  arranged  in  short 
tawny-pubescent  cymes,  axillary  or  above  the  scars  of  fallen  leaves ;  bracts  suborbicular,  pu- 
berulous,  ciliated,  about  -^  iu.  long.  Calyx  ferruginous-pubescent,  lobed  almost  to  the  base; 
lobes  rounded,  ciliated.  Corolla-tube  appressedly  tawny-  or  ferruginous-pubescent,  J  in.  long, 
widely  tubular;  corolla-lobes  equalling  the  tube,  acute,  oblong,  canescent-velutinous  outside. 
Stamens  about  16,  inserted  at  the  base  of  the  corolla ;  filaments  very  unequal,  some  ^ — J  in. 
long,  but  mostly  very  short;  anthers  oblong,  acute.     Ovary  rudimentary,  with  tawny  hairs. 

Karen  hills,  Taipo  mountains,  Burmah  (between  Sitang  Hills  and  Salween  River),  at 
4000  ft.  alt,  Dr  Brandts! 

72.    DiosPYROs  Beccarii,  sp.  nov. 

D.  ramulis  petioUs  et  inflorescentid  ferrugineo-puhescentihus;  foliis  altemis,  ovali-ohlongisi 
apice  acuminatie,  basi  rotundatis  vel  rarius  parum  angtcstatis,  tenuiter  coriaceis,  supeme  ghhriSj 
svhtus  ferrugineo-pubeacentihus;  floribm  femineis  solitariis,  subsessilibtis,  bcisi  pluribTacteatie^ 
aodUarSms;  calyce  i-partito,  lobia'  margine  revolutis  vel  undvlatis;  coroUd  4i'fidd,  lobis  obtusia; 
staminodlis  8,  glabria;  ovario  glabra,  4i'loculari,  locrdis  l-ovulatis. 

Young  parts,  petioles,  underside  of  leaves  and  inflorescence  ferruginous-pubescent ;  shoots 
longitudinally  wrinkled.  Leaves  oval-oblong,  narrowly  acuminate,  obtuse  at  apex,  rounded  or 
rarely  slightly  narrowed  at  base,  thinly  coriaceous,  glabrous  above  with  indistinct  veins,  flat, 
2 — 6  in.  long  by  1— 2J  in.  wide ;  petioles  stout,  terete,  J — J  in.  long. 

5.  Flowers  solitary,  axillary,  subsessile,  with  several  caducous  ovate  bracts  at  base; 
bracts  unequal,  shorter  than  the  calyx ;  calyx  campanulate,  j — |  in.  long,  hairy  on  both 
sides,  4-partite;  lobes  ovate,  with  reflexed  or  undulated  margins;  corolla  (immature)  4-fid, 
glabrous  inside;  lobes  obtuse;  staminodes  8,  glabrous,  equal,  in  one  row;  ovary  glabrous, 
ovoid,  4-celled,  cells  1-ovuled. 

Borneo,   0.  Beccarii  nn.  2492,  2591. 

73.    DiosPYROS  OLEIFOLIA,  Wall.  List  n.  4128  (1828—32). 

D.  foliis  altemis,  ovalibus  vel  oblongis  apice  obtuse  acuminatis,  ba^  angusta;ti8,  subco- 
riaceis,  glahrescentibus,  utrinque  lasvibus  nitidisque,  nervis  subtilissimis  impressis  inconspicuis, 
petiolatis;  floribus  masculis  temis,  breviter  cymosis,  tetrameris;  calyce  extus  glabra,  intus  to- 
mentoso,  lobis  latis  acutis^  coroUd  urceolato-oblongd,  hbis  brevilms  rotmidatis,  staminibvs  cir^ 
citer  20,  ovarii  rudimento  pubescente;  fructibus  solitariis,  subglobosis. 

DC.  Prodr.  viii.  p.  239.  n.  88  (1844) ;  Kurz  in  Joum.  Asiat.  Soa  Beng.  vol  XL.  Pt  n, 
p.  72.  n.  94  (1871);  Flora,  1871,  p.  342. 

A  moderate-sized  tree  with  dark  bark,  glabrous  except  young  parts,  which  are  fer- 
ruginous-tomentose.  Leaves  alternate,  oblong-elliptical  or  oblong-lanceolate,  narrowed  at 
both  ends,  2| — 6 — 9  in.  long  by  1 — 2  J — 2|in.  wide,  subcoriaceous,  pale,  smooth  and  shining 
on  both  sides,  the  yellowish  midrib  and  inconspicuous  veins  all  slightly  depressed  on  the 
upper  surface;  petioles  J — J — |in.  long;  margins  just  recurved. 

S,  Cymes  drooping,  J — lin.  long,  axillary,  slightly  pubescent^  usually  3-flowered;   corn- 
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mon  peduncle  J — Jin.  long;  pedicels  J — Jin.  long,  hispidulous;  flowers  tetramerons,  white. 
Calyx  nearly  Jin.  long,  glabrous  outside,  densely  fulvo-tomentose  inside;  lobes  wide,  acute. 
Corolla  more  than  twice  the  length  of  the  calyx,  fulvo-tomentose  outside;  tube  wide  and 
inflated,  about  J — ^in.  long;  lobes  short,  rounded;  stamens  about  20,  inserted  at  the  base 
of  the  corolla  and  on  the  receptacle;  filaments  veiy  short;  anthers  linear,  acuminate,  about 
Jin.  long.     Ovary  rudimentary,  minute,  fulvo-pubescent 

9 .  Fruit  solitary,  on  young  branches,  very  shortly  pedunculate,  sub-globose,  | — |  in.  in 
diameter,  more  or  less  rufous-pubescent,  yellowish,  in  one  case  3-celled  and  3-seeded.  Fruiting 
calyx  Jin.  long,  4-fid  (in  one  case  3-fid),  tomentose  inside,  pubescent  outside;  lobes  ovate- 
deltoid. 

Pegu,  Dr  Brandts,  Kurzl  no.  3012.  Java,  Wynkoopei-s  Bay,  Tei^situinn  (Malay  name 
Kayu  arang);  Amherst,  Wallich!  4128,  Anderson!,  H.  Falconer!,  Herb.  Hort.  Bot.  Calc. 
No.  242. 

74.      DlOSPYROS  FLAVICANS. 

D.  foliis  altemis,  ovali-ohlongis,  apice  acuminatis,  hasi  obtusis,  tenuiter  coriaceis,  glabris, 
bremter  petwlatis;  inflorescentid  axillari,  brevissime  cymosd,  pauciflord,  bracteis  longis  im- 
bricaMs,  fioribus  4 — b-meris,  calyce  partito,  corolld  hypocrateriformi  tetragond,  lobis  obtusis, 
sfxmninibus  in  flore  masculo  geminatis,  14 — 20,  corollce  basi  insertis,  glabris;  ovario  in  flore 
femineo  glabro,  ietragono-pyramidali,  4i-loculari,  loculis  l-ovulatis;  fructibus  oblongis,  glabris. 

Guatteria  1  flavicans,  Wall.  List,  n.  7295   (1828^32). 

A  dioecious  shrub  8 — 10  feet  high  or  small  tree,  with  virgate  terete  and  somewhat 
flexuous  branches,  appressedly  ferruginous-pubescent  as  well  as  the  leaves  when  young,  gla- 
brescent,  spreading  at.  about  50^  Leaves  alternate,  oval-oblong,  usually  much  acuminate  at 
apex  into  a  long  obtuse  point,  somewhat  narrowed  at  base,  thinly  coriaceous,  2 — 5  J  in. 
long  by  I — 2 in.  wide,  besides  petioles  -^ — Jin.  long;  quickly  glabrescent,  somewhat  shining 
on  both  sides;  midrib  somewhat  depressed  and  lateral  veins  not  conspicuous  on  upper 
surface,  the  latter  clear  and  slender  and  anastomosing  near  margin  beneath.  Inflorescence 
axillary,  shortly  cymose,  ferruginous-pubescent,  with  long  bracts,  1 — several-flowered;  flowers 
white. 

^  .  Cymes  very  short ;  flowers  clustered  (or  solitary) ;  with  short  pedicels  bearing  long 
lanceolate  foliaceous  bracts  at  base  sometimes  Jin.  long.  Calyx  J — Jin.  long,  pilose  on 
both  sides,  4-partite  or  deeply  lobed  rarely  5-lobed,  lobes  ovate  acute  foliaceous,  with  plicate- 
valvate  sides,  lax.  Corolla  salver-shaped,  about  double  the  length  of  the  calyx,  pubescent 
outside,  glabrous  inside;  tube  tetragonal,  4 — 5-fid  or  partite.  Stamens  14 — 16 — 18 — 20, 
inserted  at  or  near  base  of  tube  of  corolla,  in  pairs,  the  inner  shorter  on  bent  filaments, 
glabrous;  anthers  apiculate,  equalling  or  shorter  than  the  filaments;  ovary  0. 

9 .  Cymes  1 — few-flowered,  J — J  in.  long ;  bracts  pubescent  outside,  glabrous  inside,  vary- 
ing in  size,  leaf-like,  at  base  of  pedicels,  J — Jin.  long.  Calyx  -^ — Jin.  long,  pubescent 
on  both  sides,  4-partite;  lobes  widely  ovate,  cordate,  with  undulated  and  recurved  sides  and 
base,  plicate,  foliaceous.  Corolla  caducous.  Ovary  glabrous,  tetragonally  pyramidal,  4-celled, 
terminated  at  apex  by  an  erect  glabrous  bilobed  style  ^  in.  long  or  shorter ;  cells   1-ovuled, 
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Fruit  glabrous,  oblong,  | — 1  in.  long  by  -^ — |  in.  thick,  obtusely  tetragonal,  rounded  at  apex 
and  tei-minated  by  remains  of  style,  4-celled.  Fruiting  calyx  loosely  embracing  base  of  fruit, 
f^^in.  high,  deeply  4-fid;   margins  wavy-reflexed. 

Mergui,  Tenasserim,  Griffith/  (Cfr.  Notulae,  vol.  IV.  p.  291.  n.  2.  1854)  n.  3639;  Malacca, 
Griffith!  Kew  List  454,  3623;  Penang,  G.  Porter!  from  the  hills  (Wall.  List  7295!); 
(?)  Tenasserim  and  Andamans,  Herb  Eelfer/  3640;  Malacca  Maingayl  972,  "<J  Feb.  19, 
1868,   stamens  17 — 18,    J    testa  subosseous.*' 

An  instance  of  phyllomania  occurs  in  a  specimen  probably  of  this  species  collected 
by  Heifer!  n.  423,  Tenasserim  or  Andamans. 

75.    DiosPYROS  SAPOTOiDES,  Kurz  MSS. 

D,  foliie  aUernie,  obovato-ovalibusj  apice  breviter  acuminatis,  bad  cuneatis,  mox  glabrescen^ 
tibm,  tenuiter  ooriaceis,  breviter  petiolatis;  jloribus  masculis  aggregatia,  siibsessilibus,  tetra- 
Tiieris,  urceolatO'Oblongis,  calyce  profunde  lobato,  utrinque  pubescente ;  corolld  4i-Jidd^  lobis  obtusis, 
staminihue  drciter  16,  glabris,  biserialibibs,  incequalibus,  ovario  rvdimentario. 

Branches  terete,  smooth.  Leaves  alternate,  obovate-oval,  shortly  acuminate  at  apex, 
cuneate  at  base,  quickly  glabrescent,  thinly  coriaceous,  glaucescent  (bluish  green  in  dry 
state)  above,  3 — 10  in.  long  by  1^ — 3  J  in.  wide ;  lateral  veins  12 — 15  on  each  side  the 
midrib,  arching  and  anastomosing  near  the  margin ;  petioles  ^ — ^  in.  long. 

i .  Flowers  J  in.  long,  urceolate-oblong,  tetramerous,  clustered,  several  together,  sub- 
sessile,  in  axillary  nodose  dense  abbreviated  cymes.  Calyx  about  \  in.  long,  openly  campa- 
nulate,  hairy  on  both  sides,  deeply  lobed;  lobes  cordate-ovate.  Corolla  4-fid,  hirsute  outside 
at  least  along  4  hairy  lines  on  tube;  lobes  oval,  rounded.  Stamens  15 — 16,  in  two  rows, 
glabrous;   inner  row  shorter.     Ovary  wanting. 

Pegu;  flowers  in  April,  8.  Kurz!  n.  3013. 


76.    DioSPYROS  AUREA,  (?)  Teijsmann  et  Binnendijk  PL  Nov.  Hort.  Bogor.  in  Nederl. 

Kruidk.  Arch.  ill.  p.  405  (1855). 

D.  ramie  fastigiabia;  foliie  bifariie,  eUiptico-oblongis,  breviter  actmiinads,  basi  amte 
angustatis,  glahrie,  nitidis,  tenuiesime  coriaceie,  petiolis  crassiuaculis ;  flaribue  maacidie  aggre- 
ga/tie  evheeesilibus  tetramerie,  calycis  lobie  deltoideis  acutie,  coroUd  tubvJosd,  lobis  ovati-oblongis 
patentibus,  starainibus  16,  glahris,  arUheris  apicvlaiis;  Jloribus  femineis  solitariis  4 — b-meris, 
etaminodiis  10 — 11,  "stigmate  profunde  S-fido**;  baccd  globosd,  aurantiacd. 

Walp.  Ann.  v.  p.  478  (1858). 

A  small  tree;  trunk  4 feet  high  with  fastigiate  terete  contiguous  leafy  branches  which 
form  a  dense  head;  young  shoots  petioles  and  pedicels  ferruginous-puberulous  as  well  as 
the  midrib  of  the  leaves  beneath.  Leaves  alternate,  distichous,  glabrescent,  oval-oblong, 
acuminate  at  apex,  narrowed  at  base  into  petiole,  very  thinly  coriaceous,  shining,  with 
midrib  depressed  and  lateral  veins  slightly  raised  above,  4 — 8  J  in.  long  by  1^ — 2|in.  wide; 
petioles  J — Jin.  long,  rather  thick. 
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5  Flowers  in  very  short  many-flowered  dense  nodular  cymes  with  very  short  pedicels, 
in  the  axils  of  fallen  leaves,  J — |in.  long,  slender.  Calyx  ^ — fin.  long,  scattered  with  few 
inconspicuous  short  ferruginous  hairs,  4-fid;  glabrous  inside;  lobes  narrowly  deltoid,  acute, 
spreading.  Corolla  tubular,  4-fid,  glabrous  except  4  lines  of  short  hairs  outside;  tube  ^in, 
thick  in  middle  where  it  is  slightly  inflated;  lobes  oval-oblong,  spreading.  Stamens  16, 
glabrous,  unequal,  inserted  on  the  tube  of  the  corolla  a  little  above  its  base,  -^ — Jin. 
long;  anthers  ovate,  apiculate,  -^ — j^i^«  ^^oiig;  the  longer  filaments  exceeding  the  anthers, 
in  length.     Ovary  rudimentary,  glabrous. 

9 .  Flowers  axillary,  glabrous,  subsessile,  of  a  golden  colour,  solitary ;  calyx  4 — 5-lobed, 
with  shallow  rounded  wide  plicate  lobes,  glabrous.  Corolla  4 — 5-fid,  constricted  at  the  apex, 
scarcely  twice  the  length  of  the  calyx.  Ovary  10-celled,  glabrous.  Staminodes  10 — 11. 
Stigma  deeply  3-fid  (?).  Fruit  globose,  J — fin.  in  diameter,  of  orange  colour,  tipped  by 
style,  subsessile,  with  flat  or  reflexed  calyx.  Gum  sometimes  exudes  from  the  young  branches. 
Java,  Dr  Horafieldl  Ebenaceae  nos.  3,  6;   Bantam,  Teijamann  and  Binnendijk. 

77.    DiospYROS  NIGRICANS,  Wall.  List  n-  6361  (182S— 32). 

D.  foliis  dUemia  ovali-oblongis,  apice  valde  acuminatis,  basi  obtuse  angtutatis,  fimiiter 
membranaceis,  glabris,  nitidis,  breviter  petiolatis;  floribus  masculis  3 — (S-nis,  ascillarUms,  hre- 
vissime  cymosis,  subsessilibus,  tetrameris,  corolld  gradli,  profunde  lobatd,  staminibus  32,  i/i- 
oeqvalibus,  nonnuUis  minutis^  glabris ;  fnictibus  solitariiSf  breviter  pedunciUatis,  glabris,  4-Zocm- 
laribtiSy  sub-globosis,  UkvUs  monospermis,  albumine  non  ruminaio,  calyce  fructifero  4fpartito 
patenie  vel  rejlexo. 

Alph.  DC.  Prodr.  vlil.  p.  239.  n.  87  (1844),  non  Dalz. 

A  tree  50  feet  high,  with  many  lax  cinereous,  glabrescent  branches;  young  shoots  and 
petioles  minutely  puberulous.  Leaves  oval-oblong,  much  acuminate  at  apex,  somewhat  nar- 
rowed at  ^base,  alternate,  turning  black  when  dry,  firmly  membranous,  glabrous  except  on 
midrib  which  is  puberulous  and  depressed  on  the  upper  surface;  lateral  veins  and  net- 
veins  delicate,  not  conspicuous  above;  3 — 5  in.  long  by  1 — IJ  in.  wide;  petioles  -^ — \  in. 
long. 

J.  Flowers  in  few  (3 — 6) -flowered  short  axillary  puberulous  cymes,  subsessile,  \ — \  in. 
long;  bracts  small,  imbricated.  Calyx  with  scattered  short  ferruginous  hairs  outside  shortly 
4-lobed.  Corolla  with  few  scattered  short  hairs  outside  deeply  (|rds)  lobed,  slender;  lobes 
reflexed  at  apex.     Stamens  32  in  one  case,  very  unequal,  many  minute,  glabrous. 

5 .  Fruit  glabrous,  ovoid  or  globose,  pointed  at  apex,  about  f  in.  long,  4-celled,  4-seede(I, 
solitary.  Fruiting  calyx  4-partite,  with  scattered  ferruginous  hairs  outside,  nearly  glabrous 
inside;  with  oval,  flat,  spreading  or  reflexed  lobes,  ^in.  long.  Seeds  oblong,  |  in.  long; 
albumen  not  ruminated,  embryo  nearly  as  long  as  the  albumen.  Fruiting  peduncles  shortly 
hispid,  ^  in.  long,  patent,  unilateral,  bearing  2  small  bracts. 

Khasia,  Churra,  2000ft.  alt;  Drs  J.  D,  Hooker  and  T.  Thomson/  842,  June,  in  fruit; 
East  Bengal,  Griffith!  3628;   (Silhet),  Wallich/  6351. 
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78.    DioSPYROS  Ebenum,  Koenig  in  Physiogr.  SSJsk.  Handl.  I.  p.  176  (1776). 

2).  Kgno  duro  in  centra  nigro,  folvU  altemis,  ovalihua  vel  oblongis,  apice  obtuse  acumi^ 
natis,  bdsi  obtuse  angv^statis,  tenuiter  coriaceis,  reticulatis,  ghhris,  breviter  petiolatis ;  floribus 
masctdis  suhsessilibus,  breviter  cynwsis,  scepius  8-5-nw,  tetrameris,  calyce  canipanuiato,  ciliato, 
breviter  Ai-ldbo,  corolld  tubuhsd,  medio  constrictd,  glabrd^  ^-fiddy  staminibus  16 — 32,  fUd' 
mentis  8;  floribus  femineis  solitariis,  staminodiis  16  geminatis  vel  paudoribus,  ovario  8- 
loculariy  glabro  vel  appresse  pubescentSy  calyce  fructifero  auctOy  tubo  campanvlato  Tnargine  in^ 
tus  elevato,  lobis  patentibus  vel  reflexis,  fructibus  aubglobosis,  gldbris  vel  appresse  puhescentibtis, 
seminum  albumins  non  ruminate. 

Alph.  DO.  Prodr.  viii.  p.  234.  n.  63  (1844);  Ettingsh.  Blatt-skel  Dikot.  p.  89.  t  37.  f.  13 
(1861);  Linn.  fiL  Suppl.  PI.  p.  440  (1781);  Roxb.  drawings;  Beddome,  Fl.  Sylvat.  Madr.  t  65 
(1870);    Wight  Ic.  t.  188.  (1840). 

D.  glaberrima,  Rottb.  in  Act.  Hafn.  1783.  vol.  ii.  p.  540.  t  5. 

D.  melanoxylon,  Willi  Hb.  n.  19243;  Sp.  pL  iv.  p.  1109.  n.  8  (1805);   non  Roxb. 

D.  reticulata,  WaU.  1  List,  p.  159.  n.  4120  E.  (1828—32),  non  Willd. 

R  Ebenaster,  Spach,  Hist.  Vdg^t.  ix.  p.  407  (1840),  t.  135  (1846),  non  Retz. 

D.  nigricans,  Dalz.  in  Kew  Joum.  Bot.  iv.  p.  110  (1852);  Bedd.  Ic.  PI.  Ind.  Or.  (vil.) 
p.  25,  excl.  t  124  (1871) ;   non  Wall. 

D.  assimilis,  Bedd.  Report  Forests  of  Madras  for  1866—67,  p.  20.  t.  1  (1867). 

A  large  tree  with  glabrous  branches.  Leaves  glabrous,  alternate,  oblong  or  oval, 
obtusely  communicate  or  retuse  at  apex,  somewhat  narrowed  at  base,  thinly  coriacious 
2 — 7  in.  long  by  | — 2|  in.  wide,  with  petioles  J — J  in.  long ;  net- veined,  of  same  colour  on 
both  sides. 

<J.  Flowers  3 — 15  together,  subsessile,  on  short  pubescent  cymes  which  about  equal  the 
petioles,  about  -^  in.  long  in  bud ;  Bracts  small,  caducous.  Calyx  funnel-shaped,  about 
^in.  long,  shortly  4-lobed,  nearly  or  quite  glabrous  outside  with  ciliated  margins,  hairy 
inside;  lobes  rounded.  Corolla  tubular,  constricted  at  middle,  glabrous,  4-fid,  with  imbri- 
cated lobes.  Stamens  16,  unequal,  more  or  less  in  pairs,  glabrous,  inserted  at  base  of 
corolla,  or  ranging  up  to  32  on  8  filaments;   ovary  rudimentary  or  wanting. 

9.  Flowers  solitary,  with  2  bracts  at  base,  shortly  stalked.  Calyx  much  longer  than 
in  the  <J,  deeply  4-fid  with  an  elevated  callous  marginal  ring  round  its  mouth.  Stami- 
nodes  16,  in  pairs,  or  fewer.  Style  1 ;  stigmas  4 ;  ovary  8-celled,  glabrous  or  appressedly 
pubescent.  Albumen  of  seeds  not  ruminated.  Fruit  depresso-globose  or  subglobose,  Jin. 
long,  or  globose  and  J — 1  in.  in  diameter,  glabrous  or  appressedly  pubescent.  Fruit-calyx 
about  I — 1  in.  across,  with  spreading  or  reflexed  lobes,  receiving  the  base  of  the  jfruit  by 
the  cup-shaped  tube  which  has  an  elevated  circular  margin  felted  inside. 

East  India,  Koenig!;  Chorla  Ghaut,  Dalzell  (called  Kdrd  mard  in  S.  Canara);  Assam, 
Gn^^A.';  Ceylon,  Columbo,  Ferguson/,  Tkwaites !  1912,  1913,  2437,  2439;  East  Bengal, 
Griffith/  3621;  Malacca,  Griffith/  3635  "Cayoo  Arang,  Ebony  Wood,"  Maingay !  971. 
"  Flowers  4 — 5  merous ;  Satiny-black.  Leaves  shining  above.  Flower  yellowish  ;"  Wight 
1714;  Wallich/  List  n.  4120;  Sumatra  and  Molucca  Isl.  ex  Miq.  Fl.  Ind.  Bat.  n.  p.  1048 
(1856);  New  Caledonia,  Vieillard!  898,  ThiebauU/  344. 


Digitized  by 


Google 


Mb  HIERN,  on  £BEKAC£LSL  20d 

This  valuable  tree  is  not  uncommon  in  the  mountain  forests  on  both  sides  of  the 
Presidency  of  Madras  and  in  Ceylon ;  it  yields  the  best  kind  of  Ebony,  generally  jet- 
black  but  sometimes  slightly  streaked  with  yellow  or  brown;  it  is  very  heavy,  close  and 
even-grained,  and  stands  a  high  polish ;  unseasoned  it  weighs  90  to  100  lbs.  the  cubic 
foot,  and  81  lbs.  when  seasoned ;  it  is  used  for  inlaying  and  ornamental  turnery  and 
sometimes  for  furniture,  but  there  is  not  much  demand  for  it  in  Madras.  The  sap-wood 
is  white,  hard,  close-grained,  and  strong,  but  not  durable ;  it  is  however  used  by  the 
natives  for  various  purposes;  it  is  called  NaUuti  in  the  Cuppapah  and  Kumool  hill-forests 
where  the  tree  is  very  common  and  well  known.    Beddome  I.  c. 

D.  reticulata,  Decaisne,  Herb.  Timor,  in  Nouv.  Ann.  Mus.  in.  p.  406  (1834),  non  Willd. ; 
D.  retioulatay  /8.  timoriana,  Alph.  DC.  Prodr.  viii.  p.  225.  n.  11  var.  (1844);  JD.  timoriana, 
Miq.  Fl.  Ind.  Bat  II.  p.  1045  (1856),  ought  probably  to  be  referred  to  J).  Menvm,  Keen., 
but  I  have  not  seen  an  authentic  specimen. 

D.  h^ecarpa^  A.  Cunn.  ex  Benth.  FL  Austr.  iv.  p.  286  (1869)  is  probably  the  same 
species ;  the  fruit  is  | — 1  in.  in  diameter,  covered  with  short  hairs  or  glabrescent 
Australia,  Queensland,  Cape  York,  W.  BiUI;  Endeavour  River,  A,  Cunningham!;  New 
Caledonia,  Wagap,    Vieillard/  2869. 

A  specimen  in  Hb.  Mus.  Paris  collected  by  Pancher/  in  New  Caledonia  may  be  the 
same  species  (D.  Ebenum,  Keen.)  but  the  leaves  are  more  coarsely  reticulated  and  the 
fruiting  peduncles  are  longer  (^  in.).    Cfr.  D.  aamoenais,  A.  Gray. 

79.    DiospTROS  PELLUciDA,  sp.  nov. 

J9.  foliis  altemia,  ovalirdbhngis,  apice  acuminatis,  basi  angustatis,  fimUter  memhranaceis, 
minute  peUucido-ptmctatiSy  utrinque  nitidis,  glabris,  breviter  petiolatis ;  floribua  solitariis,  axil' 
laribus,  ^ubseseilibus,  polygamis,  tetrameris,  calyce  profunde  hhatOy  labia  acuminatis,  leviter 
plicatis,  coroUcd  lobis  profandis  acutie,  etaminibue  in  fl.  masc.  8,  uniseriaUbus,  glaJbria,  fruc- 
tibus  globosie  subglabratiSy   S-loculartbu8. 

Branches  spreading  at  about  45',  terete,  dark,  glabrous,  or  minutely  puberulous  at 
the  extremities.  Leaves  oval-oblong,  alternate,  firmly  membranous,  glabrous,  of  nearly  same 
dark  colour  and  shining  on  both  sides,  minutely  pellucid-punctate,  acuminate  at  apex,  some- 
what narrowed  at  base,  4J — 6|  in.  long  by  1| — 2J  in.  wide,  including  petiole  J  in.  long ; 
midrib  depressed  and  veins  inconspicuously  reticulated  above,  lateral  veins  anastomosing  within 
the  margin  beneath.  Flowers  solitary,  axillary,  very  nearly  sessile;  polygamous  (a  male 
flower  and  a  young  fruit  growing  on  the  same  specimen),  tetramerous.  Calyx  -^  in.  long, 
spreading,  puberulous,  but  glabrescent  outside,  deeply  4-lobed,  lobes  ^  in.  long,  ovate,  cor- 
date and  dilated  at  base,  acuminate  at  apex,  spreading,  with  margins  reflexed  outwards, 
especially  near  base,  somewhat  plicate ;  tube  thickened  and  haiiy  inside,  cup-shaped,  the 
thickened  portion  extending  upwards  a  short  distance  up  the  middle  of  the  lobes. 

S.  Corolla  conical  in  bud,  ^  in.  high,  glabrous  above,  puberulous  below  outside,  deeply 
lobed;  lobes  acute.  Stamens  8,  equal,  in  one  row,  glabrous,  ^in.  long;  anthers  com- 
pressed, ^g  in.  long.  Style  ^  in:  long,  straight,  erects  slightly  puberulous  below  the  lobed 
apex^  receptacle   (rudimentary  ovary)   puberulous. 

9.    Young    fruit   |  in.    high    by  -^  in.    thick,    bluntly   pointed    at    apex,   pubescent; 
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fruit  globose,  «ubglabrat6^  ^  in.  in  diameter,  unequally  8-oelled.  Fruiting  calyx  not 
lengthened,  iq>reading,  about  ^  in.  high,  supporting  base  of  fruit ;  tube  with  raised  rim 
within. 

Philippine  Island^  Cuming/  1496,  1506. 

80.    DiosPTBOS  TETRANDRA,  sp.  nov.,  non  Span. 

D.  foUia  aUerma,  BUtptico-oMongis,  acuminaUs,  basi  anguatatis,  tmuiter  coriaeeis,  glabria, 
gfnoUiter  reHculatis^  petiolatis;  JUyribm  maaatdii  S-nis,  bretnmme  oymoaia,  teirameris,  tidu- 
loais,  extua  hvtpidis,  calyce  late  campanulato,  4-fido,  eoroUd  breviter  4-Jldd,  gtamifubta  4, 
ofquaiiifus,  antherii  hiyndis^  ovarii  rudimento  hirsuto ;  fioribua  femirmay  1 — ^-niay  aubaeaailibua^ 
atyUa  4;  fmctibua  aotitariiai^  eubaaaailibiLa,  gioboaia,  nitidia;  oaigce  JrucHfero  aucto,  conoavo- 
pUcato. 

A  tree  (?)«  shining  and  quite  glabrous  except  bads,  inflorescence,  &c.;  young  branches 
terete,  with  smooth  bark.  Leaves  alternate,  elliptic-oblong,  acuminate,  somewhat  narrowed 
at  base,  thinly  coriaceous,  4-— 8  in.  long  by  IJ — 3  in.  wide ;  midrib  narrowly  depressed 
aboye;  lat^al  veins  c^ear  and  slender  beneath,  arching  and  anastomosing  within  the 
maigin,  inconspicuous  and  very  delicate  as  well  as  the  net-veins  above;  petioles  I — | 
in.  long,  with  bladdeiy  tumoiuv  on  the  under-side  (especially  on  the  younger  ones  of  the 
male  plants)   extending  from  the  top  downwards  and  disappearing  from  the  older  petioles. 

S.  Inflorescence  axillary^  very  short,  S-flowered,  with  short  rufous  sets;  flowers  sub* 
sessile,  f  in.  long,  slender,  with  short  rufous  hairs.  Calyx  ^  in.  long,  4-fid ;  lobes  acute, 
somewhat  spreading.  Corolla  tubular,  shortly  4-fid ;  lobes  spreading,  rounded,  -^  in.  long. 
Stamens  4,  inserted  on  the  receptacle  or  at  very  base  of  corolla,  equal,  distinct;  anthers 
linear,  with  reddish  short  hairs,  apiculate^  as  long  as  the  glabrous  filaments.  Ovaiy  ru- 
dimentary, rufotts-hairy. 

$.  Inflorescence  axillary,  1 — 3-flowered,  shortly  pubescent,  without  the  flowers  about 
equalling  the  petiole ;  bracts  ovate,  shortly  pubescent ;  pedicels  -^  in.  long ;  flowers  n^urly 
^  in.  long,  4 — 5-,  usually  4-,  merous,  with  short  aj^ressed  hairs.  Calyx  ^  in.  high  by  |  in. 
wide,  rather  larger  in  fruit,  4-lobed,  lobes  cordate,  acuminate  or  emarginate,  roundly  plicate. 
Corolla  elongate-urceolate,  with  reflexed  ovate  lobes.  Staminodes...Ovary...  Styles  4, 
hairy.  Fruit  solitary,  globose,  |  in.  in  diameter,  shining,  with  short  inconspicuous  ap- 
pressed  hairs,  or  subglabrate ;  fruiting  calyx  | — j  in.  wide,  \ — |  in.  high ;  lobes  forming 
below  dependent  hollows,  ascending  above. 

Guiana,  Martini,  EudgeJ  JLD.  1806,  Poiteau! 

Plate  YI.  A  branch  in  male  flower-bud,  rhotural  aize.  a.  A  piece  of  a  male  branch 
with  more  advanced  flowers,  natural  aize.  b,  A  male  flower  on  branch,  magnified  3  dia- 
meters, c.  A  male  calyx,  magw{p>ed  6  diameters,  d.  The  andrcBcium  with  rudimentary 
ovary  in  cenltre,  magnified  6  diameters,  e.  A  female  branch  with  empty  calyx,  natural 
aiza.    f.    A  piece  of  a  fruiting  bi-anch,  the  finit  fractured,  na;tiaral  aize. 

81.    DiosPYEOS  Spbucei,  sp.  nov. 

JD.  foliia  aUemia  oblongia,  apice  vcdde  acuminatiay  boat  aubrotv/ndia,  coriaceia,  aupra  glabria 
mitidia^  amhtua  ferrugineo-tomentoaia^  mervia  manifaatia,  petiolatia;  floribua  maaculia  aggregatia, 


Digitized  by 


Google 


Mb  HIEBli;  ON  IBENAGEiEL  211 

ieMe  cymosiSf  ferruffineo4ammt<>M  tetrameris,  calyi»  c(mipcmulatf>y  hbia  d$Ucideia,  c^roUd 
ttAulosdf  lobia  rottmdatis  pateniibuBy  ^taminibita  I6»  gHabriSj  gmninatia,  iwB^pmliiuBy  w^lh$ 
tubo  hretfioribus,  owtrii  rudimento  rufchtwnentoao. 

A  slender  straight  tree,  60  feet  high,  with  ferruginous-pubescent  branches.  Leaves  ob- 
long, nearly  rounded  at  base,  much  acuminate  and  sub-caudate  at  apex,  coriaceous,  glabrous 
and  with  depressed  veins  on  the  upper  side,  ferruginous-tomentose  with  strong  veins  beneath, 
alternate,  about  1  ft.  long  by  3 — 3|  in,  wide,  edges  recurved ;  petioles  J — f  in.  long,  thick, 
"recurved"  (Spruce). 

g.  Flowers  ferruginous-tomentose  outside,  in  many-flowered  ferruginous  cymes;  cymes 
about  ^in.  long  (excluding  the  flowers);  pedicels  about  ^  in.  long,  stout.  Calyx  Jin.  long, 
campanulate,  shortly  tomentose  on  both  sides,  4-fid  with  deltoid  lobes.  Corolla  about  J  in. 
long,  tubular,  with  4  patent  lobes,  glabrous  inside,  tube  fin.  long;  lobes  Jin.  long,  rounded, 
pale  green.  Stamens  16,  nearly  or  quite  glabrous,  in  8  pairs,  sub-equal  in  those  pairs  which 
are  opposite  the  corolla  lobes  and  unequal  in  the  alternate  pairs;  the  longer  ones  Jin.  long 
with  the  anthers  about  equalling  the  filaments;  inserted  at  base  of  corolla;  anthers  with 
very  few  hairs  on  the  back  or  glabrous;  filaments  glabrous.  Ovary  rudimentary,  rufous- 
tomentose. 

South  America,  Columbia,  San  Carlos,  frequent  in  the  woods  near  river  Ouasi^,  6  fl. 
October.     Spruce!  3138. 

Plate  YIII.  A  branch  in  male  flower,  natural  size.  a.  A  male  flower-bud,  magnified 
2  diameters,  6.  A  male  flower  expanded,  magnified  2  diameters,  c.  A  male  corolla  laid  open 
shewing  the  stamens^  magnified  8J  diameters,  d,  e.  Contiguous  pairs  of  stamens,  magnified 
3J  diameters. 

82.    DiosPTKOS  MABrma,  Blume,  Bijdr.  FL  Ned.  Ind.  p.  669  (1826). 

2>.  foliis  aitemis,  avaltbus  vd  obbngis^  virinque  obtusis,  coriaceisy  glabris,  peUolaHs,  ^ 
rUms  maecuiia  aggregatis,  3 — ^7-ni9,  eubseesilibus,  elongatihcampanuiatie,  pubescentibus,  cah/ce 
campanrdato,  apiee  4 — 5-  rariae  S-dentato,  eerottA  tubtdaed,  i-fidd,  etamimbue  16-*— 18,  inca- 
yualibue,  plerisgue  geminatis,  antherie  glabris,  fJbmentie  laM  hireutie  brevieeimie;  flaribus 
femineis  solitariis  vel  binie,  staminodiis  4 — 10,  ghbria,  ovario  S-hculari,  ferrugineo-pubeec^nte, 
fructibua  subglobosie,  glabrescentibus,  eeminum  aUmmine  non  ruminato. 

Alph.  Da  Prodr.  viu.  p.  234.  n.  62  (1844),  Decaisne  in  Nouv.  Ann.  Mu«,  ni.  p.  406  (1834). 

CargHUa  laxa.  R  Br.  Prodr.  p.  626.  ru  1  (1810),  Alph.  DC.  ftodr.  vin.  p.  243.  n.  2  (1844), 
Benth.  FL  Austr.  iv.  p.  287  (1869). 

CargiUa  maritimay  Hassk.  Cat.  PL  Hort.  Bot.  Bogor.  IL  p.  169  (1844). 

CargiUia  msgalocarpa,  F.  Muell.  Fragm,  v.  p.  163  (1866), 

Maha  megalocarpa,  F.  MuelL  I.c. 

Dioepyros  tetrandra,  Spanoghe!  in  Linnsea  xv.  p.  .336  (1841),  non  mibi. 

Diospyroe  megalocarpa,  F.  MuelL  AustraL  Yeg.  in  Intercolonial  Essays,  1866— 67>  p.  36 
(1867). 

A  small  tree  8 — 10  feet  high  with  moderately  thick  trunk,  dense  head  and  drooping 
branches,  or  a  handsome  tree  attaining  60  feet,  glabrous  except  the  buds  and  inflorescence; 
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branches  and  Bhoots  terete^  rather  slender.  Leaves  oblong  or  oval,  coriaceous  or  thinly  sa, 
of  nearly  same  colour  on  both  sides,  shining  above,  alternate,  usually  rounded  or  obtuse 
near  base,  obtuse  at  apex,  2 — lOJin.  long  by  1^ — SJin.  wide,  often  with  2  glands  at  base 
near  the  petiole;  petioles  j — i^in.  long;  midrib  depressed  above;  lateral  veins  rather  clear 
beneath,  raised  and  not  conspicuous  above.  Bracts  several,  rather  small,  on  veiy  short 
stalks. 

$.  Flowers  3 — 7  together,  crowded,  subsessile,  |in.  long  in  bud,  elongate-campanulate. 
Calyx  campanulate,  4 — 5-  rarely  3-toothed  at  the  apex,  silky-puberulous  on  both  sides, 
\  in.  long,  coriaceous ;  lobes  \  depth  of  calyx,  depresso-deltoid.  Corolla  4-fid,  silky  outside, 
2 — 4  times  the  length  of  the  calyx,  tubular,  fin.  long.  Stamens  15 — 18,  inserted  at  base 
of  corolla,  mostly  in  pairs,  unequal;  filaments  very  short,  hirsute  at  base;  anthers  lanceolate- 
subulate  or  oblong,  glabrous;  pollen  white,  globose.     Ovary  rudimentary,  hairy. 

9.  Flowers  1 — 2  together,  subsessile,  about  ^in.  long  in  bud.  Calyx  like  ^  but 
thicker  especially  in  fruit.  Corolla  §  rds  4-fid.  Staminodes  4 — 10,  glabrous.  Styles  4,  short. 
Ovary  ferruginous-pubescent,  8-celled;  cells  1-ovuled  (4-celled,  cells  2-ovuled  according  to 
R  Brown).  Fruiting  calyx  broadly  cup-shaped  or  flatly  appressed  to  base  of  fi*uit,  4 — 5- 
lobed,  coriaceous,  about  fin.  across,  often  Jin.  high.  Fruiting  peduncle  very  short  and 
much  thickened  and  continuous  with  calyx.  Fruit  depresso-globular,  glabrescent,  | — lin. 
high  by  f  — 1  in.  thick,  4  (?)  -celled  and  seeded,  marked  at  the  apex  by  remains  of  short  style. 
Seeds  nearly  ^in.  long,  somewhat  compressed,  brown  and  shining;  albumen  white,  not 
ruminated.     Radicle  longer  than  the  ovate  cotyledons. 

N.  Australia,  Gulf  of  Carpentaria,  opposite  Groote  Island,  R.  Brown! ;  Escape  Cliffs, 
Hulls;  Queensland,  Cape  York,  W.  HUH ;  Timor,  Zippelixis,  Decaisne! ,  OaichenoH,  Spanoghef; 
S.  Java,  Shrnief ,  Zollinger!  n.  1833;  Java,  Leschenaultf ;  Straits  of  Sunda,  Ld.  Macartney! 
Java,  Hasskarlf ;  De  Vriese  and  Teijsmann!  1859 — 60,  Menado,  Celebes,  poisonous  tree. 
Teijsmann  and  De  VrieseL 


83. 


DiosPYROS  PHiLiPPiNENSis,  Alph.  DC.  Prodr.  vin.  p.  231.  n.  43  (1844). 


D.  foliU  altemis,  ovalibus,  apice  obtuse  acumina^is,  basi  a/ngiLstatis,  tenuiter  coriaceis, 
gkbbrescentilms,  breviter  petiolaiis;  floribvs  femineis  1 — 3-m>,  breviter  cymosis^  bracteatis,  tetra- 
meris,  pubescentilms,  calyce  profunde  lobato,  corolld  tubidosd^  A^jvdd^  staminodtis  6,  leviter 
pvhescentiims,  ovario  ovoideo-conico,  fuivo^ubescente,  4t'loculari,  houlis  l-ovulatis. 

Young  shoots  buds  inflorescence  and  underside  midrib  and  margin  of  young  leaves 
covered  with  short  tawny  tomentum ;  branches  glabrescent.  Leaves  oval,  rather  shortly  and 
obtusely  acuminate  at  apex,  obtusely  narrowed  at  base,  thinly  coriaceous,  alternate,  gla- 
brescent, shining  above,  2^5  J  in.  long  by  1^2|in.  wide;  petioles  ^ — Jin.  long;  midrib 
depressed  above;  lateral  veins  distant,  slender,  inconspicuous  especially  above. 

9.  Flowers  in  axillary  1 — 3-flowered  bracteated  cymes  with  several  imbricated  scales 
at  the  base,  or  solitary  near  the  base  of  the  young  shoots  of  the  year;  peduncles  or  per 
dicels  ^yy  \\XL  long;  bracts  rounded,  tawny-pubescent;  scales  at  the  base  of  the  young 
shoots .  several,  much  imbricated ;  flowers  |  in.  long,  tawny-pubescent  outside,  erect.  Calyx 
i  in.  long,  loose,  glabrous  and  shining  inside,  deeply  4-fid  with  rounded  or  sometimes  api- 
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culate  imbricated  lobes.  Corolla  glabrous  inside,  4-fid;  tube  ^in.  long  by  ^in.  thick- ;  lobes 
oval,  spreading  and  recurved,  somewhat  cordate  at  base,  round  at  apex,  imbricated.  Sta- 
minodes  6  (in  one  flower),  equal,  somewhat  tawny-hairy.  Style  very  short,  cut  at  apex. 
Ovary  ovoid-conical,  tawny  hairy !  4-celled ! ;  cells  1-ovuled ;  according  to  Alph.  DC.  I.  c.  the 
ovary  is  glabrous  and  6-  (or  6 — 8-)  celled. 
Manila,  Philippine  Islands,  Cuming/   1142. 

84,    DiosPYROS  PiLOSANTHERA,  Blanco,  Fl.  Filipin.  p.  304  (1837). 

D.  caule  arboreo,  foliia  altemis,  lanceolatisy  coriaceis,  glabris,  basi  2 — S-glandulosis,  bre- 
vissime  petiolatia;  florihus  [femineial]  axillaribtts  sessilibus,  Q-n%8  vel  ultra,  calyce  4 — 5-lobo^ 
lobis  revolutisy  coroUd  calyce  Umgiore  pUosd,  S-lobd^  staminibua  5 — ^6,  antheris  medio  pUoeia 
{sterilibTis  f),  stylis  4,  baccA  \0'9pennd, 

Alph.  DC.  Prodr.  viii.  p.  237.  n.  77  (1844), 

A  tree  with  hard  wood.  Leaves  alternate,  lanceolate,  glabrous,  coriaceous,  with  2  or 
3  glandular  depressions  at  the  base  beneath;  petioles  veiy  short. 

9  (?)  Flowers  axillary,  sessile,  6  or  more  together;  calyx  with  4  or  6  large  teeth 
recurved  and  bordered  at  maturity ;  corolla  longer  than  the  calyx,  covered  with  hair  outside, 
naked  at  the  throat,  5-lobed ;  stamens  5 — 6 ;  filaments  short ;  anthers  with  a  line  of  hairs 
along  the  middle;  stigmas  4;  fruit  baccate,  10-seeded,  edible;  like  a  small  guava;  seeds 
horny,  semicircular  and  thin  at  the  two  sides,  and  convex  on  the  exterior. 

Philippine  Islands,  Blanco. 

86.    DiosPYROS  LANCBLEPOLU,  Roxb.  Cat.  PL  Fl;  Ind.  (1813)» 

D.  foliis  aitemisy  obhngis  vd  lanceolatis,  apice  acuminatiSy  host  angueta/tis,  coriaceis, 
glabris ;  fioribus  masculis  fascioviaHs,  dense  cymosis,  3 — 5-nw,  pubescentibus,  tetrameris,  calyce 
campamUato,  corolld  tubulosd,  staminibtis  14 — 16,  geminatis,  iruBqualibus,  svbgUibris;  florihus 
feniineis  solitariis,  subaessilibus,  axillaribus,  4 — h-meris,  staminodiis  8 — 10,  ovario  pubescentSy 
S-loculari,  fructibus  subglobosis,  tomentosisy  seminum  aUmmine  non  ruminate.  •' 

FL  Ind.,  Edit  1832,  voL  n.  p.  637;  Roxb.  drawings  no.  2608 ;  Alph.  DC.  Prodr.  vill.  p.  232. 
n.  46  (1844). 

JD.  muUiflora,  WalL  List,  n.  4144  (1828—1832),  AlpL  DC.  Prodr.  viiL  p.  231.  n.  45, 
non  Blanco. 

(?)  D.  anuBna,  WalL  List  n.  4139  (1828—32),  AlpL  DC.  Ic.  p.  231.  n.  44  (1844), 
Ettingsh.  Blatt-skeL  Dikot  t  41.  £  11  (1861). 

Ooolal  or  Oooltd  is  the  vernacular  name  in  Sillet,  ex  Roxb.  Ic. 

A  pretty  large  tree,  furnishing  hard  durable  timber  suitable  for  the  construction  of 
houses;  glabrous  except  the  buds  under  side  of  young  leaves  inflorescence  and  firuit. 
Leaves  oblong  oblong-lanceolate  or  -ovate,  more  or  less  narrowed  at  base,  acuminate  at  apex, 
with  midrib  depressed  on  upper  side,  coriaceous,  alternate,  rather  pale  on  both  sides,  with 
veins  not  conspicuous  above,  2—3 — 6 — 9  J  in.  long  by  j — } — 2  in.  wide,  besides  petioles 
J— Jin.  long. 
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^.  Flowers  fascicled  on  very  short  dense  qpnes,  8 — 6  together,  densely  ferrugmons- 
pnbescent,  f-^in.  long,  tetramerous.  Calyx  campanulate^  -^ — ^in.  long,  hairy  on  both  sides, 
4-fid  or  more  shortly  4-lobed,  with  deltoid  lobes.  Corolla  tubular  with  inflated  tube,  glabrous 
inside;  lobes  spreading,  shorter  than  the  tube.  Stamens  14,  16,  united  in  pairs  by  thin 
filaments  and  inserted  at  base  of  corolla,  or  hypogynous ;  inner  ones  shorter,  I — }  in.  long, 
glabrous  except  base  of  anthers  or  apex  of  filaments;  common  filaments  -^  in.  long;  con- 
nective apiculate.     Ovary  0;  receptacle  hairy. 

9.  Flowers  solitary,  subsessile,  axillary,  near  together,  4 — 5-merous,  |in.  long,  densely 
tawny-pubescent;  bracts  short,  pubescent,  imbricated.  Calyx  ^in.  high,  4 — 5-lobed;  lobes 
with  sides  sometimes  reflexed.  Corolla-lobes  cordate  (ex  Boxb.),  imbricated.  Staminodes 
^--^10,  short,  inserted  at  base  of  corolla.  Style  very  short,  about  8-lobed ;  ovary  8-celled, 
hairy.  Fruit  ovoid  or  globose,  usually  pointed  at  the  apex,  tawny-tomentose  or  appressedly 
silky,  lin.  or  more  long.  Fruiting  calyx  pubescent  on  both  sides,  lin.  across,  with  crass 
somewhat  concave  tube  and  4  or  5  lobes  spreading  or  recurved  and  much  thinner  towards 
the  margms.    Albumen  not  ruminated. 

East  Bengal,  Griffith  I  3631,  3634;  Sillet,  WaUich!  4144,  4139  (?);  Khasia,  Churra, 
foot  of  hills;  Drs  J.  D.  Hooker  and  T.  Thomson/  20  June  1850,  in  young  fruit  In 
Khasia?  or  Cachar?  it  is  called  Soi-lo  and  is  a  poison  for  fish,  Drs  J.  D.  Hooker  amd 
T.  Thomson/ 


86.    DiosPYROS  Gahdneri,  Thw.  Enum.  CeyL  PI.  p.  181.  n.  12  (1860). 

D.  foliis  dltemis,  cblongis^  apice  acumina;Hs,  hasi  leviter  wngusfxitis^  tenuiter  cortaceis,  glor 
hriSf  breviter  petiolaiis;  floribus  masculis  l--^4-ni9,  subsessiUbtts,  ietrameris,  pubescentiibys,  cah/ce 
campanulato,  corolld  hj/poorateriformif  siaminibuB  16,  pubescefMms ;  Jhribus  femineis  soUlariiSf 
ovario  S-loculari,  fruotHms  deprssso-gldbosis,  svbglabratis» 

Beddome,  la  PL  Ind.  Or.  (Pt  VIL)  p.  27.  1 132  (1871). 
Patania  WaXkerii,  Wight,  IlL  i.  p.  19  (1840). 

A  moderate-sized  tree;  young  shoots  pubenilous,  quickly  glabrescent.  Leaves  alternate, 
thinly  coriaceous  or  submembranous,  glabrous^  shining  above  with  inconspicuous  veifts  and 
channelled  midrib,  oblong,  acuminate  at  apex,  somewhat  narrowed  at  base,  3 — 7  in.  long  by 
1 — 2|in.  wide;  petioles  |*— (in.  IxM^g;  lateral  veins  depressed  on  the  upper  surface  in  the 
thinner-leaved  specimens. 

^.  Flowers  pubescent,  1-^  together,  subsessile^  on  very  short  axillary  pubescent  cymes. 
Bracts  small.  Oolyx  \  ia,  campannlate^  4^fid,  covered  with  short  hairs  on  both  mdes ;  lobes 
deltoid.  Corolla  about  ^— «^  in.  long,  conical  in  bud,  salver-shaped  in  fall  flower,  covered 
outside  with  appisssed  ferruginom  silky  shining  hairs,  glabrous  inside,  tube  somewhat  inflated 
below,  with  4  q^reading  lobes  about  half  the  length  of  the  tube.  Stamens  16  (or  about  12 
according  to  Dr  Thwaites),  in  pairs ;  filaments  short,  pilose ;  anthers  linear,  glabrous  or  some* 
what  haiiy.    Ovaiy  0  or  represented  by  a  bunch  of  hairs. 
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9.  FlowerB  solitary^  erects  axillaiy,  i  in.  long;  pednncles  |  in.  long.  Calyx  I  in.  long, 
covered  with  short  tawny  pabescence,  openly  campanulate,  4-fid;  lobes  with  undulated  and 
recurved  margina  CoroUarlobes  lanceo]a4;e,  about  i  the  length  of  the  tube.  Ovaiy  8-celled. 
Fruit  depresso-globose,  about  1  in.  long  (unripe),  glabrate  or  with  remains  of  ferruginous 
pubescence.  Fruiting  calyx  accrescent,  about  J  in.  high  by  1 J  in.  across  at  top ;  lobes  pointed 
and  patent  at  apex;  tube  hemispherical  The  timber  of  this  tree  is  valuable  for  building 
and  for  cabinet-work,  Dr  Thwaitea  loa  cit. 

Ceylon,  Thwaitea!  C.  P.  1908,  Macrae!  30,  WiMerf,  Gardner!  532,  up  to  2000  ft.  alt^ 
called  Kadoombaireyorgass. 

87.    DiosPTBOS  HsuDELorn,  sp.  nov. 

jD.  foUu  aUemis,  tfvato-awiUbvs,  apice  hr&viter  acwmiwuxtis,  hasi  (Atusii^  tesmiier  coriaceie, 
subglabratia,  breviter  petiolatis;  florxbuB  masmlia  aggregatis,  4 — Q-nia,  aubeeasiUbus,  fmbeaoenii^ 
bua,  calyca  brevUer  4 — b-fdo^  eoroUd  tubuload,  lobia  obtuaia,  stamimbua  13 — 16,  fUamentia  bre- 
p3ma  hirautia. 

Bushy  tree  3 — i  metres  Jbigh ;  young  parts  puberulous ;  branches  terete^  dark,  at  about 
35*,  quickly  glabrescent.  Leaves  ovate-oval,  alternate,  obtusely  narrowed  at  base,  shortly 
acuminate  at  apex,  thinly  coriaceous;  dark  green,  glabrous  and  with  depressed  veins  above; 
paler  with  few  weak  scattered  appiessed  whitish  hairs  and  with  raised  veins  beneath ;  2 — ^3  in. 
long  by  l--*-!^  in.  widej  petioles  ^ — ^  in.  long,  wrinkled,  glabrous;  margins  of  leaves  just 
recurved. 

i.  Cymes  very  short,  4 — 6-flowered,  ferruginous-hairy;  bracts  short,  hairy.  Flowers 
(closed  in  specimen)  shortly  and  appressedly  pubescent,  whitish,  sweet-scented,  subsessile. 
Calyx  ^  in.  high,  campanulate,  4 — 5-fid,  with  ovate  lobes.  Corolla  oblong,  inflated  in  middle, 
4 — 5-lobed  at  apex,  glabrous  inside,  ^  in.  long;  lobes  emarginate.  Stamens  15,  or  in  a  tetra- 
mereuB  flower  13,  inserted  at  very  base  of  corolla  or  on  receptacle,  nearly  equal,  -^  in.  long ; 
filaments  pubescent,  very  short,  more  or  less  connate  at  base ;  anthers  linear,  narrower  towards 
apex,  with  a  few  hairs  on  back;  dehiscing  laterally  by  slits.     Ovary  rudimentary^  hairy. 

Africa,  Senegambia,  Heudeht !  638,  October,  January. 

Plate  V.  fig.  2.  A  male  flowering  branch,  natural  aize,  a.  Male  flower-bud,  magnified 
4  diameters,  h  Half  the  corolla  laid  open,  shewing  some  of  the  stamens,  magnified  4  dia- 
meters,   c.  A  pair  of  stamenq,  mOfgnified  4  diameters. 

88.    DiosPTKOS  tmDtJLATA,  Wall.  List,  n.  4186  (1828 — ^32). 

D.  foUia  bmceolaUhoblongia,  altemia,  apice  a^cuminatia,  baai  anguataUa  vel  aubrotundatia, 
glabria,  niUdia,  firmiter  membranaceia,  petiolatia;  floribua  maacuiia  breviter  cymoaia,  8 — 9-m», 
ferrugineihpubeaoenHbua,  telrameria,  calyce  ^-fido,  coroUd  tubuload,  breviter  4-lobd,  lobia  obtuaia, 
atamiwibua  11 — 14,  pubeacentibua ;  Jloribua  femineia  1 — 8-nw,  breviter  peehmculatia  vel  aubaeaai^ 
Ubua,  fructibus  aubglcboaia,  appreaae  pHoaia,  plvrUocuhribua,  aemdnibus  compreaaia,  albumine  non 
ruminaio,  calyce  frucUfero  oMcto,  craaao^  fructua  baaim  amplectente. 
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AlpL  DC.  Prodr.  vill.  p.  233.  n.  56  (1844) ;  G.  Don,  Gen.  Syst.  Gard.  and  Bot,  DT.  p.  40. 
n.  88  (1837). 

Yar.  /8  (?).  -D.  macrophyUa,  Wall  n.  4141  (1828 — 32),  non  Blume ;  foliis  fructuque  majoribus. 

A  tree;  branches  glabrous  or  young  shoots  puberulous.  Leaves  oblong  or  lanceolate- 
oblong,  more  or  less  acuminate  at  apex,  acute  or  more  or  less  rounded  but  not  subcordate 
at  base,  firmly  membranous,  glabrous,  shining,  alternate,  3 — 15  in.  long  by  1 — 5  in.  wide, 
besides  petioles  J — i  in.  long,  thinly  coriaceous ;  margins  reflexed ;  midrib  depressed  above ; 
lateral  veins  inconspicuous  or  depressed  above.    Inflorescence  axillary,  ferruginous-hairy. 

i.  Flowers  J — Jin.  long  (in  bud),  conic-oblong,  ferruginous-hairy,  sessile  on  3 — 9-flowered 
cjrmes  not  exceeding  them  in  length,  except  in  var.  /8;  bracts  ovate.  Calyx  short,  4-fid, 
with  deltoid  acute  lobes,  less  hairy  inside  except  near  the  margins.  CoroUa  tubular,  glabrous 
inside,  shortly  4-lobed,  with  obtuse  spreading  lobes.  Stamens  11 — 14,  inserted  on  the  receptacle 
or  at  base  of  corolla,  some  in  pairs,  unequal  except  var.  /8;  anthers  linear,  hairy,  sub- 
sessile,  filaments  short,  hairy.     Ovary  rudimentary,  hairy. 

2 .  Flowers  solitary  or  3  together ;  peduncles  or  cymes  short,  not  exceeding  ^  in.  long. 
Fruit  subglobose,  about  1  in.  long  by  nearly  the  same  width,  flat  at  the  top  and  slightly 
umbilicate  at  base  of  style,  appressedly  brown-hairy,  about  6-celled  and  6-seeded;  pericarp 
thick ;  pulp  mucilaginous ;  seeds  compressed,  about  }  in.  long ;  albumen  not  ruminated ; 
embryo  ^  in.  long ;  cotyledons  foliaceous,  lanceolate,  about  as  long  as  the  radicle ;  fruiting 
<»lyx  erect,  embracing  about  half  the  fruit,  very  crass,  hairy  inside;  4-fid,  with  the  sinuses 
nearly  filled  on  the  inner  side;   lobes  deltoid,  occasionally  spreading  at  the  tips. 

Amherst,  WaUich!  4136;  Moulmein,  PamA/;  Malacca,  OrijffUh/  3619,  3636,  Maingayl 
977.     Var.  p.  Tavoy,  WaUich/  4141;  Mergui,  Griffith!;  Malacca,  Maingay!  974. 


89.    DiosPYROS  MULTiFLORA,  Blanco,  FL  Filipin.  p.  303  (1837),  non  Wall. 

J),  foliis  altemis,  lanceokUo-oblongis,  apice  ohttcsis,  ba>si  cuneatis,  coriaceis^  subtus  pubervUs, 
petiolatis;  floribus  masculia  8-nw,  aggregatia,  brevissime  cymosis,  pubescentibtis,  caiyce  4 — 5'Jido, 
coroUd  tvbvload,  apice  lobatd,  staminibua  15 — 18,  JUamentis  hirsiUia,  anth&iis  glabris;  frucHbus 
venenosis. 

Diospyros  Canomoi,  Alph.  DC.  Prodr.  viil.  p.  237.  n.  78  (1844). 

JD,  Lotus,  Blanco,  Fl.  Filipin.  edit.  ii.  p.  210  (1845),  non  Linn. 

A  tree,  glabrous  except  the  buds,  inflorescence  and  underside  of  leaves;  branches  terete, 
dai*k;  leaves  lanceolate-oblong,  alternate,  coriaceous,  obtusely  lanceolate  or  rounded  at  apex, 
cuneate  at  base  and  often  with  2  glands  on  the  upper  side,  glabrous  with  depressed  and 
not  conspicuous  veins  above,  tomentose-puberulous,  subglabrescent  beneath,  6 — 8  in.  long  by 
IJ — 2  J  in.  wide;  besides  petioles  J — Jin.  long;  margins  revolute. 

S .  Flowers  ferruginous-pubescent,  J  in.  long,  axillary  in  clusters  of  about  8  each,  sessile, 
in  very  short  ferruginous-pubescent  cymes,  tetramerous  or  pentamerous.  Calyx  -^  in.  long, 
4— 5-fid,  ferruginous-tomentose  on  both  sides;  lobes  deltoid,  spreading  in  flower.  CorolU 
glabrous  inside,  lobed  at  apex,  rather  fleshy,  J  in.  long,  tubular.    Stamens  18  (in  one  case), 
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15  or  more,  hypogynous  or  at  base  of  corolla,  more  or  less  combined  at  base  by  their 
hairy  filaments;  anthers  linear,  apiculate,  glabrous.     Ovary  0. 

?.  Fruit  poisonous;  reported  to  intoxicate  fish;  "even  the  crocodile  it  causes  to  rush 
from  the  water  hurriedly."  Flowers  sweet-scented.  By  rubbing  the  bark  and  leaves  on 
eruptions,  it  is  said  that  the  latter  disappear. 

Local  names  CaTwmoi,  Canomai. 

Philippine  Islands,  Cuming/  1829,  Blanco, 

90.    DiosPYROS  BiFLOBA,  Blanco,  Fl.  Filipin.  p.  303  (1887)* 
D.  Jbliis  altemisy  lanceolatis,  glabris,  subcoriaceiSy  breviter  petiolatis;  floribu8  masculis 
axiUaribus,  bints,  calyce  campanulato,  3— 4-to6o,  corottd  camosd  campanulato-oblonffd,  ^hbd, 
staminibus  17 — 30,  corollcB  basi  inaertis,  filamentis  brein6simi$  lanuginoais,  ovarii  mdimento 
pubescente. 

Alph.  DC.  Prodr.  viii.  p.  237.  n.  76  (1844). 

A  tree  of  30  feet  high.  Leaves  alternate,  lanceolate,  quite  glabrous,  entire,  subcoriaceous, 
with  only  2  glands  at  the  base  below;  petioles  very  short  and  without  glands. 

^ .  Flowers  axillary,  2  together,  with  a  strong  smell.  Calyx  campanulate,  3 — 4-lobed. 
Corolla  fleshy,  double  the  length  of  the  calyx,  inflated  in  the  middle  and  narrowed  above, 
forming  a  throat,  with  4  reflexed  lobes.  Stamens  17 — 30,  inserted  on  the  corolla  and  not 
reachmg  the  throat;  filaments  very  short,  woolly;  anthers  very  long.  Ovary  hairy;  style 
very  short;  stigma  and  fruit  wanting. 

Philippine  Islands,  Blanco,  T^gatog  name  Talang;   flowers  in  June. 

91.      DiOSPTROS   (?)  PABVIFOLIA,  Sp.  nOV. 

D.  foliis  aUemia,  obovatis,  apice  rotundatis,  basi  cv/neatis,  coriaoeis,  gUtbrescentibus,  nitidis, 
parvis,  breviter  petiolatis,  venis  inconspicma;  floribus  masctdis  solitariis,  suhsessUibus,  aacilkb-' 
rUms,  pubescentibus,  calyce  campamiUUOy  trilobo,  coroUd  i-fidd,  staminibvs  12,  glairis,  coroUce 
basi  insertis,  biserialibiis,  antheris  apice  dehiscentibus,  ovarii  rudimento  ferrugineo-hirsuto^ 

Branches  cinereous,  at  about  30^  the  younger  ones  rufous-hispid  at  first,  subsequently 
whitish-hairy,  ultimately  glabrate.  Leaves  alternate,  obovate  or  obovate-oblong,  rounded  at 
apex,  cuneate  at  base,  hairy  beneath  when  quite  young,  quickly  glabrescent,  coriaceous, 
with  margins  just  reflexed,  without  conspicuous  veins,  shining,  J— fin.  long  by  \ — Jin* 
wide,  including  petiole  -^ — ^in.  long. 

i.  Bracts  rufous-hairy,  ovate  or  lanceolate;  flowers  solitary,  subsessile,  rufous-hairy, 
axillary;  calyx  -^ — fin.  long,  campanulate,  3-lobed,  rufous-hairy  on  both  sides,  lobes  J  depth 
of  calyx,  rounded;  corolla  openly  campanulate,  covered  with  silky  feiTUginous  hairs  out- 
side, glabrous  within,  ^in.  long  (when  straightened),  4-fid  with  reflexed  and  somewhat 
emarginate  lobes ;  stamens  12,  glabrous,  inserted  at  or  near  base  of  tube  of  corolla,  in 
2  rows,  distinct,  the  inner  ones  at  a  lower  level,  filaments  -^ — ^ii^*  long;  anthers  ^^in. 
long,  dehiscing  laterally  by  apical  pores;  ovary  rudimentary,  represented  by  a  bunch  of 
ferruginous  hairs. 

Madagascar! 
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92.     DiOSPTBOS  BUXIFOLIA. 

D.  foliis  aUemxa,  ovatO'eUipticis,  utrinque  amgustatis,  coriaceia,  supra  Ivcidia,  subtus  se- 
riceo^ubescentOma^  svhaessilibuSy  cmfertia,  nervis  incanspicuis ;  florihus  axillaribus,  svbsessilibus, 
fnasctdis  3 — i-Tiw,  confertis,  femineia  aoUtariis,  calyce  4^fido,  coroUd  i-fidA^  breviter  et  late 
eampantdatd,  intua  glabrd,  ataminxbua  10 — 16,  geminatia,  gldbria,  in  flora  femineo  0 ;  aniheria 
apice  rimoaia;  ovario  femineo  it-locidari  auperne  pubeacente  infeme  glairo,  loctdia  l-ovuhiia; 
fructBma  obUmgia,  1 — 2-apermia,  alhumine  non  ruminato. 

Leucoaylum  btuoijolivm,  Bl.  Bijdr.  Fl.  Ned.  Ind.  p.  1169  (1826);  Choisy,  M^m.  Temstr. 
p.  43.  t  2  (1855) ;  Miq.  FL  Ini  Bat.  p.  1049  (1856). 

Dioapyroa  mwrophyUa,  Bedd.  Ic.  PI.  Ind.  Or.  (vii)  p.  27.  t.  133  (1871). 

A  large  tree  with  glabrescent  terete  branches  and  straight  trunk.  Toung  shoots  and 
inflorescence  covered  with  pale  ferruginous  pubescence.  Leaves  distichous,  close  together, 
easily  falling  (in  dried  state),  firm,  occasionally  minutely  pellucid-punctate,  the  younger  ones 
silky  beneath,  without  conspicuous  veins,  ovate-oval,  narrowed  at  both  ends,  subsessile, 
I — 2^ in.  long  by  ^ — }f  in.  wide;  midrib  depressed  and  often  puberulous  above.  Flowers 
dioecious. 

(J.  Flowers  3  or  4  together,  subsessile,  very  short  axillary  cymes;  flower  Jin.  long, 
tetramerous.  Calyx  t^in.  high,  covered  with  short  hairs,  having  4  rounded  imbricated 
lobes  ^in.  deep.  Corolla  ^in.  high,  with  4  rounded  apiculate  reflexed  lobes  ^in.  deep, 
hairy  along  middle  lines  outside.  Stamens  10 — 16  (16 !  in  all  the  flowers  examined),  glabrous, 
united  by  their  filaments  in  pairs^  the  inner  ones  the  shorter;  anthers  ovate  or  oblong, 
dehiscing  at  apex ;  filaments  slender,  equalling  or  exceeding  the  anthers,  inserted  at  base  of 
corolla.    Ovary  rudimentary,  hairy. 

$.  Flowers  solitary,  subsessila  Calyx  4-fid,  with  rounded  lobes  much  imbricated  in 
bud,  pubescent  outside;  corolla  Jin.  long,  4-fid,  hairy  outside;  staminodes  0.  Ovary  4- 
celled,  ellipsoidal  and  glabrous  below,  conical  and  pubescent  above,  cells  1-ovuled;  style 
bipartite,  short  Fruit  cylindrical  or  oblong,  conical  at  apex,  dry,  1-celled,  1-  rarely  2- 
geeded,  \ — I'm.  long  by  ^ — Jin.  wide,  pointed,  glabrous  and  shining  or  subglabrous  or 
fulvous  pubescent  at  apex  resting  at  base  on  small  spreading  pubescent  or  ciliate  calyx; 
albumen  cartilaginous  not  ruminated;  cotyledons  about  equalling  the  radicle. 

Malacca,  Maingay!  966  "ovary  rudimentary  4-lobed;"  Java,  Blvme!,  Zollinger!  3247, 
3438;  India,  S.  Canara,  &C.,  Major  Beddome!;  Borneo,   0.  Beccari!  n.   1973. 

Major  Beddome  2.c.  states  that  the  S.  Canara  plant  has  the  habit  of  LeuooxyhMn 
buuBifolium,  Miq.,  but  he  does  not  regard  his  plant  as  the  same  species  with  it  According 
to  Zollinger  in  the  Obs.  Bot  Nov.  p.  18  (1857)  the  flowers  in  both  sexes  are  usually 
pentamerouB,  the  stamens  usually  10,  free,  and  the  ovary  apparently  2-celled. 

93.    DiOSPTBOS  Yescoi,  sp.  nov. 

D.  foliia  aUemiaj  obovatia,  apice  rotmdatia,  baai  anguatatia,  coriaceia^  aubtua  puberuKa^ 
inconapicue  reticuUttia,  confertia,  petiolatia^  margine  revolutia;  floribua  maaculia  axiUaribu8f 
breviter  cymoaia,  calyce  laae  henUaphanicOp  4i-fdo,  ecetua  tomentoaOf  oorottd  campanulatd  utringue 
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tomentosdt  Irwiter  4-  rariua  3-  vel  o-fidd,  lobis  ohtusis,  statninibus  lS-^16,  plertsque  gemindtis, 
qotoIUb  hasi  inaertia,  antheris  glahria,  apice  rimosis,  JUamenHa  tomenioais,  (nnirto  fvdimentario. 

Young  parts  ferruginous,  shortly  pubescent;  branches  pale,  cinereous,  tereta  Leaves 
alternate  obovate,  rounded  or  emarginate  at  apex,  narrowed  or  nearly  rounded  at  base, 
coriaceous,  puberulous  with  curved  hairs  on  both  sides  especially  beneath,  crowded,  1 — 3in« 
long  by  I — 1 J  in.  wide ;  petioles  j — ^  in.  long,  puberulous,  margins  revolute,  reticulated  with 
delicate  inconspicuous  veins  in  faint  relief  on  both  sides,  midrib  slightly  depressed  abova 

^.  Inflorescence  axillary  on  young  shoots,  ^ — fin.  long,  ferruginous,  pubescent  with 
short  hairs;  peduncle  -j^ — |in.  long;  pedicels  -^ — Jin.  long;  flowers  J — Jin.,  openly  cam- 
panulate;  calyx  I — Jin.  long,  hemispherical,  tomentose  outside,  4-fid,  sometimes  unequally 
so,  lobes  widely  ovate-deltoid;  corolla  campanulate,  shortly  4-fid,  occasionally  3-  or  5-lobed, 
tomentose  on  both  sides,  lobes  ovate-oval,  obtuse;  stamens  18 — 16,  all  or  mostly  in  paLrs, 
inserted  near  base  of  corolla,  inner  ones  shorter,  anthers  glabrous,  equal,  lanceolate,  acu- 
minate, filaments  tomentose;  ovary  rudimentary,  receptacle  tomentose. 

Madagascar,  Fort  Leven,  Veaco!,  St  Marie,  BoivinI  2539  ft. 


94.    DiosPTBOS  MoBBisiANA,  Hance  ex  Walp.  Ann.  iii.  p.  14  (1852). 

D.  foliia  ovcdibua,  altemia,  apice  acuminatia,  Idai  anguatatia^  tenuiter  coriaceiaf  gldbria, 
petiolatia;  florihia  maaculia  3-nw,  hreviter  cymoaia,  tetrameria,  calyce  utringue  pubeacente, 
i-fido,  coroUd  urceolatd,  breviter  4-2oM,  lobia  obtuaia,  ataminibua  16 — 26,  aoepiua  20,  pleriaque 
gaminatia,  coroUce  baai  inaertia,  anOieria  linearibua,  puheacentibua,  ovarii  rvdimento  glabra; 
fructibua  glabria,  niHdia,  aubgloboaia,  ^-locularibua,  locuUa  monoapermia,  aemvnum  aSnmdne  non 
ruminato,  calyce  fmctifero  patente^  aubglabro. 

A  shrub  (or  tree  ?)  quite  glabrous  except  the  buds  inflorescence  and  extremities ;  branches 
dark,  terete,  spreading  at  about  30^ — 35^  I^eaves  oval,  acuminate  at  apex,  more  or  less 
narrowed  at  base,  glabrous,  alternate,  thinly  and  firmly  coriaceous,  with  recurved  margins, 
2 — 3^ in.  long  by  1 — IJin.  wide,  besides  petiole  | — Jin.  long;  shining  above;  veins  few 
and  slight 

i.  Flowers  whitish,  \ — |in.  long,  tetramerous,  3  together  on  short  drooping  ferruginous- 
haiiy  axillary  cymes ;  peduncles  and  pedicels  each  about  ^in.  long ;  calyx  ferruginous-hairy  on 
both  sides,  4-fid,  ^in.  long,  erect-patent,  with  deltoid  lobes;  corolla  about  ^in.  long,  tu- 
buloso-urceolate  in  flower,  ovate-conical  in  bud,  lobes  ^in.  long  recurved,  obtuse;  stamens 
numerous,  16 — 25,  usually  about  20,  mostly  united  in  pairs,  outer  ones  the  longer,  inserted 
at  base  of  corolla,  about  ^in.  long;  anthers  linear,  apiculate,  hairy,  dehiscing  from  apex; 
filaments  short,  glabrous;  ovary  rudimentary,  glabrous. 

9.  Flowers  tmknown.  Fruit  glabrous  and  shining,  yellow,  nearly  globular,  | — fin.  in 
diameter,  4-celled;  cells  1-seeded.  Fruiting  calyx  nearly  flat,  nearly  glabrate,  ^in.  across; 
seeds  ^in.  long,  compressed,  chestnut-coloured;  albumen  cartilaginous,  not  ruminated.  The 
male  flowers  appear  in  May;  the  fruit  gathered  in  December  is  edible. 

Hong  Kong,  Hance  I  no.  460,  C.  Wright  I  313. 

28—2 
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96.  DiOSPTROS  SQUAMOSA,  Boj.  ex  Alph.  DC.  Prodr.  viil,  p.  232.  n.  49  (1844). 
D.  foliia  dUemiSy  ovaHbtis,  utrinque  obtusis,  glabetrimis,  coriaceis,  petiolatis;  Jhribua 
masctdis,  1 — 3-  saspius  S-nia,  sessilxbta^  bracteis  amplis  ovato-rotundatia  imbricatis  caJyqe  vix 
hreviorilms,  calyce  campantdato  4 — o-Jido,  coroUd  breviter  4s'Jidd  infundibuliformi,  staminibus 
22,  corollcB  basi  insertis,  JUamentis  pvhescentibvs ;  fructibus  cvbico-globosis  glahrisy  apice  excepto 
calyce  4fjido  aucto  ferrugineo-sericeo  occultis,  stylia  4  brevibus  glabris. 

Branches  glabrous.  Leaves  alternate,  oval,  rather  obtuse  at  both  ends  especially  at 
base,  coriaceous,  quite  glabrous,  flat,  3^ — 5  in.  long  by  IJ — If  in.  wide;  petioles  Jin.  long; 
venation  delicate,  in  relief  on  upper  surface. 

($ .  Flowers  1 — 3  together,  sessile,  rather  more  than  ^  in«  long,  arising  from  points  on 
the  branchlets  rather  above  the  (scars  of  the  fallen)  leaves ;  bracts  5 — 6,  imbricated,  -^ — ^  in. 
long,  the  outer  ones  the  shorter,  roundly  ovate,  scarcely  falling  short  of  the  calyx,  ferru- 
ginous-tomentose  at  the  margins.  Calyx  campanulate  4 — 5-fid  or  shortly  lobed,  -f^ — fg  in. 
long,  ferruginous-pilose  outside,  lobes  widely  ovate,  erect-pateut.  Corolla  funnel-shaped,  shortly 
4 — 5.fid  (?),  subglabrous,  exceeding  the  calyx,  lobes  obtuse.  Stamens  22,  inserted  at  the 
base  of  the  corolla;  filaments  short,  pubescent,  frequently  united  in  pairs. 

9. 'Fruit  cubic-globose,  glabrous,  |in.  high,  concealed  except  at  apex  by  accrescent 
calyx;  styles  4,  short,  glabrous.  Fruiting  calyx  crass,  ferruginous-sericeous,  4-fid,  fin.  across, 
tube  tetragonal  fin.  high,  lobes  shortly  ovate  spreading. 

Madagascar,  near  Foul-pointe,  HeUonberg ! ;   Chapelier/    Local  name,   Valanguiran. 

96.    DiosPYROS  coMORENSis,  sp.  nov. 

2).  foliis  cdtemis,  eUipticis,  apice  scBpivs  ax^wminatis,  basi  angustatis,  coriaceis,  ghJbrescenr 
tibus;  floribus  mascuUa  3 — 4-nM,  breviter  cymosis,  tetrameris,  calyce  laxe  cyatht/ormi,  ^-fido^ 
corolld  urceolatd  glahrd  camosd  breviter  4i'lobd,  staminibua  16  geminatis  glabris  corollce  boM 
insertis,  ovarii  rudimento  glabro. 

Young  parts  pilosely  pubescent ;  branches  brown,  scarcely  terete.  Leaves  alternate,  ellip- 
tical, coriaceous,  narrowed  at  base  and  usually  acuminate  at  apex,  bluish  brown  above  with 
cleanly  depressed  midrib  and  inconspicuous  lateral  veins,  brown  beneath  with  inconspicuous 
veins,  nearly  or  quite  glabrous,  2 — 2J  in.  long  by  f — 1|  in.  wide  including  petiole  J  in,,  often 
conduplicate  in  specimen. 

i .  Cymes  axillary  3 — 4-flowered,  About  J  in.  long,  pilose,  subferruginous,  recurved,  pedicels 
^ — I  in.  long ;  flowers  -^j — |  in.  long,  tetramerous,  ovoid  in  buds ;  calyx  I — J  in.  long,  pubescent 
on  both  sides,  4*fid,  lobes  erect-patent,  deltoid ;  corolla  ^^j — |  in.  long,  narrowly  ovoid  in  bud, 
glabrous,  fleshy,  lobes  much  imbricated ;  stamens  16,  placed  in  pairs  in  two  rows  at  base  of 
corolla^  glabrous,  ^ — s^ui.  long;  anthers  linear  longer  than  the  filaments,  pollen  somewhat 
4-  (?)  sidedly  ellipsoidal.    Ovary  rudimentary,  glabrouai    Female  plant  at  present  unknown. 

Comoro  Islands,  Mayotte,  BoivinI 

97.    DiosPTROS  MONTANA,  Roxb.  Coromand.  p.  37.  t.  48  (1795). 

D.  trunco  ramisque  interdum  spinosis,  foliis  altemis,  ovcUibus  vel  ovatis,  apice 
obtusis  vel  acutis^  basi  interdvm  cordatis,  tenuiter  cariaceis,  pubescentibus  vel  glabrescentibus. 
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deciduis,  peHolatis;  florihua  masculis  breviter  cymosis,  tetrameris,  glabrtusculis,  caiyce  late 
campanulato,  profunde  i-fido,  lobis  ovatis,  dliatis,  corolld  urceolatd,  breviter  4-fo64,  staminihus 
16,  geminatis,  glabris  vel  svbgldbria,  coroUas  hasi  insertia;  fioribus  femineis  aolitariia^ 
breviter  peduncidatis,'  staminodiie  4 — 12,  glabris,  ovario  glabra  globoso,  Moculari,  locuUa 
l-omdatia,  atylia  4,  glabria,  aeminibua  2 — 8,  attmmine  non  rvminato;  caiyce  Jructifero 
paulum  aucto,  plua  minua  reflexo. 

Wall.  List  n.  4115,  Alph.  DC.  Prodr.  vill.  p.  230.  n.  34  (1844),  Wight  Ic.  t.  1225  (1860). 

D.  cardifolia,  Roxb.  Lc,  p.  38.  t.  50  (1795);  Wall.  List  n.  4116;  Alph.  DC.  l.c.  n.  36; 
Wight,  lUustr.  Ind.  Bot.  VoL  IL  t.  148  (1850). 

Z>.  rugoaula,  R.  Br.  Prodr.  p.  526  (1810). 

D.  bracteata,  Roxb.  Cat  PI.  Fl.  Ind.  (1813);  Fl.  Ind.  edit.  1832,  Vol.  IL  p.  639  ex 
specimine  in  Hb.  Mart ! ;    Alph.  DC.  I  c,  p.  239.  n.  93. 

D.  heUrophylla,  Wall.  Cat  Burm.  599,  List  n.  4138  (1828—32),  Alph.  DC.  I.  c.  p.  230.  n.  39. 

D.  sylvatica,  Wall  List  n.  4117!  (1828—32),  /8  velutina,  Alph.  DC.  I  c.  p.  231.  n,  41  mr., 
non  Roxb. 

D.  ptmctata,  Decaisne,  in  N.  Ann.  Mus.  Hist  Nat.  m.  p.  407  (1834) ;  Herb.  Timor.  Discr. 
p.  79  (1835) ;  Alph.  DC.  Ic.  p.  230.  n.  37. 

R  rugtdosa,  Alph.  DC.  Prodr.  viii.  p.  229.  n.  32  (1844). 

D.  Ooindu,  Dalz.  in  Kew  Journ.  iv.  p.  Ill  (1852). 

JD.  Waldemarii  Klotzsch  in  Waldemar  Reise,  p.  101.  t  65  (1862). 

Yerra-gada  of  the  Telingas  (R.  montana,  Roxb.)  ex  Roxb.  I,  c. ;  Kak-woolymera  of  the 
Telingas  (R.  cordifolia,  Roxb.)  ex  Roxb.  tc;  Vakanoi,  Neilygerry  Mts.,  base,  Leschanaultl 
198  (large  tree),  seen  in  Hb.  Mus.  Paris;  Tumala,  the  Sanscrit  name,  Bun-Oavb, 
in  Bengal,  ex  Roxb.  Fl.  Ind.  (edit  1832)  vol.  ii.  p.  538;  Kcda  Ooindu  in  Canara, 
Kcda  Nvddi,  teste  Dr  Ritchie;  MaJcar  Kend,  Hindwi  dialect  of  Behar,  ex  Hamilt.  in 
Tran,  Linn.  Soc.  xv.  p.  113  (1827) ;  Oavindu  or  Ooindu,  ex  Graham,  Cat  PI.  Bomb, 
p.  108  (1839) ;  Jugalagunti  (signifies  scolding  wife),  ex  Buchanan,  Journey,  vol.  I.  p.  183  (1807). 

A  tree  often  with  spines  scattered  over  the  trunk  and  larger  branches;  young  > 
branches  softly  pubescent,  of  a  pale  colour.  Leaves  oval,  oblong,  obovate,  or  ovate-oblong, 
alternate,  sometimes  cordate  at  base,  thinly  coriaceous,  of  nearly  the  same  yellowish-green 
colour  (in  the  dry  state)  on  both  sides,  softly  pubescent  or  glabrescent  beneath,  softly 
puberulous  or  glabrous  above,  with  depressed  midrib  and  weak  veins,  deciduous,  1 — 4 — 
6  in.  long  by  J — 2 — 2  J  in.  wide ;  petioles  ^5 — J  in.  long,  pubescent  or  glabrescent  Flowers 
white,  scentless. 

i .  Cymes  3-flowered  or  panicled,  J — |  in.  long,  patent  or  recurved ;  bracts  ovate, 
dliate,  ^  in.  long;  at  base  of  the  pedicels ;  flowers  | — -^  in.  long.  Calyx  J  or  J  length 
of  flower,  deeply  4-fid,  on  both  sides  pubescent  or  nearly  glabrous,  with  deltoid  or 
rounded  ciliated  lobes.  Corolla  urceolate,  shortly  4-lobed ;  lobes  rounded,  recurved ;  glabrous 
or  nearly  so.  Stamens  16,  united  at  base  in  8  pairs  and  inserted  at  base  of  corolla^ 
glabrous  or  very  nearly  so,  with  very  short  hairs,  appearing  at  mouth  of  open  corolla. 
Ovary  rudimentary,  glabrous   except  apex. 

5 .  Flowers  solitary,  J — }  in.  long,  on  recurved  pedimcles  -j^j — i  in.  long,  which  bear 
small  caducous  bract&       Calyx  puberulous  or  nearly  glabrous,  deeply  4-fid,  ^ — |  in.  long^ 
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with  imbricated  often  ciliated  lobes.  Corolla  rather  exceeding  the  caljz^  glabrona^  4-fid. 
Staminodes  4,  8,  12,  glabrous.  Ovary  glabrous,  globular,  8-celled,  cells  1-ovuled ;  s^les  4, 
glabrous,  bifid  at  apex.  Fruit  globose,  ^ — 1^  in.  in  diameter,  glabrous  and  shining ;  fruiting 
calyx  more  or  less  reflexed,  somewhat  accrescent;  seeds  2 — 6 — 8,  albumen  not  ruminated 
(in  D.  rugosula,  K  Br.,  there  are  two  contiguous  slight  intrusions  of  the  testa  along 
the  outer  side  of  the  seed).  The  wood  is  dark-coloured  or  variegated,  hard  and  durable. 
Dr  Dalzell  states  that  bees  are  very  fond  of  the  flowers. 

There  are  two  principal  forms: 

a.  montana  proper.  27.  montana,  Boxb.,  D.  Goindu,  Dalz.,  D.  heterophyUa^  WalL 
Leaves  oval,  3 — 4  in.  long.  6  flowers  panicled,  with  calyx  glabrous  except  ciliaAe  margin. 
9   flowers  with  4  staminodes. 

/8.  cordifdia.  D.  cordifolia,  Boxb.,  D,  punctata,  Decaisne,  D.  rugosula,  B,  Br.,  D. 
Wdldernarii,  "Kl.  Leaves  oblong,  often  cordate  at  base,  1 — 2j^  in.  long.  S  flowers  3 
together  with  hairy  calyx,     f   flowers  with  8  (27.   Waidemarii)  or  12  staminodes. 

India,  Madras,  Shuter/;  Othacalmundapum,  Kew  list  1724!;  Patna,  Dr  Ritchie!  1240; 
Moradabad,  27r  T.  Thomson!  985;  Bottler!  861;  Sirhind,  27r  T,  Thymam!;  Bengal, 
EdgeworthI  6006;  Ambala,  Edgeworth/;  Pinjor  Valley,  Edgeworth!;  Ceylon,  Thwaites!  C.  P. 
1909;  sea  coast,  Tinnevelly  district,  Kew  list  17171;  Pondichdry,  Perrottet!  Sikkim,  27r 
Hooker!;  Courtallum,  Kew  list  1713!,  1726!;  Bombay,  Dalzell t;  Concan,  27r  Stocks! ; 
Canara,  27r  Ritchie!  970;  Belgaum,  27r  Ritchie  972;  Himalaya,  Hoffmeister,  teste  KL 
Ic;  Ava,  WaUich/ ;  India,  Magadi,  Hejuru,  S.  W.  Mysore.  Timor,  Decaisne!  N.  Australia^ 
Victoria  Biver,  F.  MueUer/,  Carpentaria,  R.  Brown/;  Australia,  Port  Darwin,  Schultz!  n. 
607,  608.  The  natives  are  prejudiced  against  this  tree.  Buch.  Ham.  Journey,  voL  L 
p.  183,  voL  11.   125. 

Cfr.  Diospyros  sp.  Bedd.  in  Qegh.  For.  259  (1861),  Muchi  tanki;  a  very  hard  light- 
coloured  wood,  Qodavari  forests,  Madras. 


98.     DiOSPTBOS   ZOLLINGEBI,  sp.  nov. 

27.  foliis  aUemis,  olovato-oblongis,  apice  acuminatis,  host  plerisque  rotimdatis,  coriaceis, 
gldbrescentibus,  petiolatis;  jUmbus  masculis  axiUaribus  cymosis  tetrameris,  fulvo-pubescentibus, 
oalyce  campanulato,  lobis  deUoideis,  corolld  breviter  4rjidd,  campanulatd,  staminibus  16, 
geminatis,  glahriuscuLis,  ovarii  rudimento  glabro. 

Young  parts  and  inflorescence  puberulous  or  pubescent.  Leaves  alternate,  obovate- 
oblong,  acuminate  at  apex,  usually  rounded  at  base,  glabrescent,  4 — 8  in.  long,  by  1 — 2^ 
in.  wide;  midrib  and  lateral  veins  depressed  above  and  in  clear  relief  beneath;  petioles 
about  \  in.  long. 

^.  Inflorescence  in  short  cymes  axillary  or  in  the  axils  of  fallen  leaves.  Abortive 
buds  in  some  cases  are  arranged  in  a  panicle.  Flowers  t^tramerous,  tawny-pubescent; 
calyx  campanulate,  t\y^  ^^^  ^7  i^-  ^i<l^>  4^M,  nearly  glabrous  inside,  lobes  deltoid; 
corolla  (in  bud)  Jin.  long,  ovoid,  shortly  4-lobed,  appressedly  pubescent;  stamens  16, 
united  in  8  pairs  at  the  top  of  the  filaments,  nearly  equal,  inserted  at  the  base  of  the 
ooroHa,  not  quite  glabrous,  but  with  short  hairs  on  the  back  of  the  anthers  and  on  the 
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upper    part    of   the    filaments;    anthers    dehiscing  widely  on  both  sides  downwards  from 
apex,  pollen  subglobose,   smooth;   ovary  rudimentary^  glabrous. 

Java»  Zollinger!  n.  2651.  A  specimen  from  Assam,  collected  by  CoL  Jenkins,  has 
also  abortive  buds  arranged  in  a  considerable  panicle;  it  does  not  however  appear  to  belong 
to  this  species,  having  a  somewhat  different  foliage,  resembling  in  this  respect  2).  variegata,  Eurz. 


99.    DiosPYBOS  CILIATA,  Alph.  DC.  Prodr.  vni.  p.  229.  n.  31  (1844),  non  Rafin. 

2).  Jbliis  aUenmj  ovato-ellipticis,  basi  ohtusiSy  apice  acuminatis  acutisve,  cUiaHs,  mernbror 
naceia;  Jloribus  femineia  axUlaribus,  breviter  pediciUatis,  tetrameris,  caitfce  partitOf  lobis  ovo- 
ti8   obtusis,  carolld  campanulatd. 

Branches  glabrous.  Leaves  alternate,  ovate-elliptical,  obtuse  at  base,  acuminate  or 
acute  at  apex,  ciliate,  2 — 3  in.  long  (including  petiole  r^  in.  long)  by  1 — 1 J  in.  wide, 
membranous,  with  the  nervation  of  the  leaves  as  in  2).  virginiana  except  that  the 
margin  is  ciliate  and  the  acumen  is  usually  acute. 

9 .  Flowers  axillary,  on  glabrous  pedicels  much  shorter  than  the  petiole  or  flower, 
tetramerous  or  sometimes  pentamerous,  \  in.  long.  Calyx  4-partite,  silky  inside  at  base, 
with  ovate  obtuse  reflexed  lobes;  corolla  glabrous,  campanulate,  narrower  above,  4-fid,  with 
obtuse  lobes.  Styles  4,  united  to  the  middle,  glabrous,  longer  than  the  calycine  lobes. 
Fruit  edible. 

S.  Mexico,  Pavon! 


100.    DiosPYBOS  Lotus,  Linn.  Sp.  PL  p.  1067  (1763). 

2).  foliia  aUemia^  ovalibus,  vtrinque  scepius  obtusis,  siAniembranaceis,  aubtus  acepe  paUidiorir 
bua  et  pubeacentibua,  petiolatia;  floribua  maaculia  2 — S-niv  breviaaiine  cymoaia,  aubaeaaSKbuSf 
urceolatia,  4-  rariaaime  6-mem,  awiUar^ma,  calyce  campanulato,  labia  cumtia,  coroUd  bremUr 
lobatd,  atamimbua  16,  geminatia,  arUheria  glabriuaculia,  filamentia  gldbria;  floribua  femineia 
aolitariia,  ataminodiia  8,  ovario  apice  exc^to  glabra,  S-lacula/ribua,  Jructibua  aubglabaaia, 
edulibua. 

Pallas,  Fl.  Boss,  t  68  et  t  69  fig.  inferior,  torn.  L  pars.  IL  p.  20  (1788). 
Poir.  in  Lam.  Encyd.  M^th.  vol.  v.  p.  428  (1804),  t.  858  fig.  in£  (1823). 
Nouveau  Duhamel,  voL  vi.  p.  83.  t.  26  (1801—19). . 
Turpin,  Diet.  Sc.  Nat.  Planch,  vol.  ni.  t.  65  (1816—29). 
Alph.  DC.  Prodr.  vm.  p.  228.  n.  28  (1844). 

Reichenb.  PL  Ic.  Fl.  Germ,  et  Helv.  (xvn)  t.  1079  (1856),  non  Lour.  FL  Cochinch. 
p.  226  (1790). 

Ermellinua,  Cesalp.  De  Plantis,  lib.  m.  cap.  XZL  p.  104  (1583). 

Paeudolotusy  Camer.  Epit  p.  156  (1686). 

Lotua  afrieana  altera.  Gamer.  Epit.  p.  U7  (1586). 

Lignum  Vitas,  Gerarde  Herball,  p.  1309  (1597). 

Quaiacum  patavinumf  Gerarde  Herball,  p.  1310  (1597). 
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D.  Kahi,  var.  /8.  Thunb.  M.  Japon.  p.  168  (1784),  var.  7.  glabra,  Alph.  DC.  Prodr.  vm. 
p.  229.  n.  30  (1844) ;   non  Linn. 

D.  microcarpa,  Sieb.  in  Ann.  Soc.  Hortic.  Pays  Bas  1844,  p.  28. 

JD.  japonica,  Sieb.  et  Zucc.  in  Abh.  Bayer.  Acad.  rv.  3.  p.  136  (1846). 

D.  UmlovoJc,  Griflf.  Itin.  Not.  p.  355  n.  137.  (1848). 

Dactylua  trapezuntinus^  Forsk&l  Fl.  -fflgypt. — Arab.  p.  xxxvi.  (1775). 

A  dicBcious  moderate-sized  tree  or  shrub,  fi-om  15  ft.  high  upwards;  bark  dark,  rough, 
scored,  but  less  so  than  in  D.  virginiana,  L.;  young  parts  pubescent.  Leaves  alternate, 
submembranous,  more  or  less  elliptical,  usually  paler  beneath  and  often  pubescent,  2 — 6  in. 
long  by  1 — 2i  in.  wide;  petioles  ^ — |  in.  long.  Flowers  tetramerous,  or  by  exception 
pentamerous,  axillary. 

6,  Flowers  subsessile,  2 — 3  together,  about  Jin.  long,  urceolate.  Calyx  campanulate, 
about  J  in.  long,  shortly  4-fid ;  lobes  ovate,  acute.  Corolla  urceolate-oblong,  nearly  or  quite 
glabrous,  Jrd  way  4-lobed;  lobes  ciliate,  obtuse,  recurved.  Stamens  16,  combined  by  their 
glabrous  filaments  in  8  pairs;  two  pairs  opposite  each  corolla-lobe;  each  pair  consists  of  a 
shorter  inner  and  longer  outer  stamen;  filaments  inserted  at  base  of  corolla-tube;  anthers 
not  quite  glabrous.     Ovary  rudimentary. 

9.  Flowers  solitary,  subsessile,  wider  than  in  the  <J.  Calyx  ultimately  spreading. 
Corolla  often  remaining  at  apex  of  the  young  fruit,  urceolate,  yellowish  white.  Staminodes  8, 
in  one  row  inserted  at  the  base  of  the  corolla,  hairy.  Ovary  glabrous,  except  at  apex  from 
which  4  hairy  lines  often  descend  down  the  fruit,  8-celled,  cells  1-ovuled;  styles  4,  some- 
what pubescent  below.  Fruit  subsessile  or  apparently  sessile,  often  with  a  glaucous  tinge, 
subglobose,  | — ^  in.  thick ;  fruiting  calyx  spreading,  J — |  in.  across,  with  a  ring  of  short 
dense  appressed  silky  hairs  on  the  inside  below  the  fruit.     Flesh  of  the  fruit  astringent. 

Naturalized  in  the  countries  on  the  shores  of  the  Mediterranean  Sea.  Russia  in  Asia» 
PaUas,  called  Kurma  by  the  Persians,  Churma  or  Kard-churma  in  Tartary,  Dikoi  Phenik 
in  Astracan;  Afiia  Minor,  Zohrab!;  Turkey  in  Asia,  Lazistan,  near  Bhize,  spontaneous, 
Boissier/  n.  1464;  Caucasus;  China,  Hancel  n.  13753,  Canton;  Pekin  Mountains,  Bange; 
Zsing  Tune  Pass,  along  North  river,  about  120  miles  from  Canton,  Hance;  Affghanistan, 
OriffUh/  n.  1289;  N.  W.  India,  common  on  the  Huzara  from  3000—6000  ft  alt.,  male  plant 
called  Owaladar,  female  Arrdok,  Dr  Stewart!  n.  424;  Tsu-sima  Island,  Straits  of  Corea, 
Wilfordl;  Japan,  Nagasaki,   Oldham!  n.  529,  called  Sinanokaki. 

101.    DiosPYROS  VIRGINIANA,  Linn.  Sp.  PL  p.  1057  (1753). 

-D.  foliis  aUemis,  ovalibus,  utrinque  obtvsis,  submembranaceis,  jmbeacentibus  vel  glabrescen' 
tibm,  petiolatis,  Jhribvs  Tnascvlis  1 — 3-nw,  breviter  cymosis,  axiUaribvs,  4-  rarius  5-mer%a, 
urceolatiSy  ccdyce  campanulato,  lobis  lanceolatts,  cor  olid  breviter  lobatd,  stami/nibvs  16,  geminatis, 
pavlum  pubeacentilyae ;  floribus  femmeia  solitariia  breviter  pedunculatiSy  staminodiis  8,  ovano 
apice  excepto  glahro,  S-locularibits,  fruotibus  subglobosis,  edulibas. 

Gaertn.  fil.  Carp,  (ill)  p.  138.  t  207  (1805). 
Michaux,  Arb.  Amer.  Septr.  11.  p.  195.  t  12  (1812). 
Collin,  Forslag  af  nagra  Nord-americas  Trfid,  p.  23  (1823). 
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Watson,  Dendr.  Brit.  n.  t  146  (1826). 
Bafinesqae,  Media  FL  JST.  Amer.  I  p.  153.  t.  32  (1828). 
Alph.  DO.  Prodr.  vill.  p.  228.  n.  29  (1844). 
*    Belgique  Horticole,  iv.  p.  118.  tab,  (1854). 

Ettingsh.  Blatt-skeL  Dikot  p.  89.  t.  38.  f.  12  (1861). 

Pishamin,  Parkinson,  Paradis.  p.  670  (1629),  Theatr.  p.  1623.  f.  4  (1640). 

D.  cancolor,  Moench,  Meth.  p.  470  (1794). 

D.  guaiacamay  Robin,  Voyages,  voL  in.  p.  417  (1807). 

D.  pubescena,  Pursh,  FL  N.  Amer.  p.  266  (1814),  non  Pers. 

D.  oaroUnicma,  Muhlenb.  ex  Rafin.  Floral.  Ludovia  p.  139  (1817). 

D.  Persinum,  Wikstr.  Jahr.  Schwed.  1830,  p.  92  (1834). 

D.  ciliata,  Rafin.  New  Flora  and  Bot  N.  Amer.  part  iiL  p.  25  (1836),  non  Alph.  DC. 

2>.  ferHUs,  Lodd.  Cat  ex  Loud.  Arb.  et  Frut.  Brit.  n.  1197  (1838). 

D.  calycina,  Audib.  Cat.  Hort  Tonn.  $.  ex  Spach,  Hist  Y^g^t  ix.  p.  406  (1840),  non  Wall.  &c. 

D.  angusttfoKa,  Audib.  ex  Spach,  Hist  Y^t  ix.  p.  406  (1840). 

B.  lucida,  Hort.  ex  Loud.  Gard.  Mag.  1841,  p.  394,  non  WaU. 

D.  intermedia,  Hort  ex  Loud.  EncycL  Trees  and  Shrubs,  p.  627  (1842). 

A  tree  attaining  in  &yourable  places  60  feet  in  height  and  20  in.  in  diameter  in  the 
trunk,  according  to  Michaux,  from  whom  other  details  are  taken.  The  trunk  of  full-grown 
trees  is  covered  with  much  and  deeply-cracked  blackish  bark;  the  sap-wood  after  drying 
keeps  a  clear  greenish  colour,  and  the  heart  is  brown.  The  wood  is  hard,  compact  and 
tough,  and  is  used  for  several  mechanical  purposes.  The  inner  bark  is  said  to  be  useful 
in  intermittent  fevers.  Toung  parts  pubescent.  Branches  spreading  at  60^ — 60^  Leaves 
alternate,  submembranous,  more  or  less  oval,  slightly  narrowed,  rounded  or  even  slightly 
cordate  at  base,  usually  shortly  acuminate  at  apex,  paler  beneath  and  often  pubescent; 
2 — 7  in.  long  (besides  pubescent  petiole  | — |  in.  long)  by  1 — 3^  in.  wide.  Flowers  tetramerous 
or  occasionally  pentamerous,  greenish. 

g.  Flowers  in  short  1 — 3-flowered  pubescent  cymes  which  measure  (excluding  the 
flowers)  about  ^ia.  long.  Calyx  small»  about  ^uu  high,  partite,  hairy^  with  lanceolate 
lobes.  Corolla  tubular-urceolate,  \  in.  long,  or  in  subhermaphrodite  flowers  }  in.  long,  lobes 
one-third  the  length  of  the  corolla.  Stamens  16,  in  paira^  somewhat  hairy.  Ovary  glabrous, 
rudimentary. 

9 .  Flower  solitary,  |  in.  long  and  wide,  on  peduncles  -^  in.  long;  ovary  glabrous,  pilose 
at  apex,  8-celled,  cells  1-ovuled ;  styles  4,  pilose  at  base.  Fruit  solitary^  on  peduncles  |  in. 
long,  subglobose,  1 — 1}  in.  in  diameter,  glabrous,  edible,  tipped  at  apex  with  remains  of  style ; 
akin  thin,  of  a  pale  orange-colour  when  ripe,  often  marked  externally  with  4  depressed  lines 
running  down  from  the  apex,  and  with  a  slight  pruinose  bloom ;  pulp  with  a  sweetish  apricoV 
like  taste  when  ripe  but  somewhat  astringent;  seeds  6 — 8,  sometimes  3 — 6,  about  f  in.  long, 
I  in.  broad  and  \  in.  thick.  Fruiting  calyx  spreading,  4-fid,  occasionally  6-fid  (in  one  case 
small  and  trifid  in  a  cultivated  specimen),  | — 1|  in.  across,  subglabrous;  lobes  broadly  ovate, 
} — }  in.  broad,  usually  somewhat  concave  from  below  and  not  appressed  to  the  fruit  with 
recurved  margins;  tube  convex  from  above  with  a  circular  depression  si  its  outer  margin. 

The  fruit,  which  is  locally  known  by  the  name  of  Peraimon,  does  not  fully  ripen  north 
Vol.  XIL  Pabt  L  29 
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of  New  Jersey;  it  is  said  to  become  better  fit  to  eat  after  it  has  suffered  frost,  and  then 
it  becomes  very  sweet  but  mawkish.  Though  toten  by  the  negroes,  and  often  brought  to 
market,  it  is  not  a  table-fruit.  There  is  however  a  sweet  variety  (Z>.  virginiana,  L.  var.  dul- 
cia),  which  is  said  to  yield  a  good  table-fruit,  ^'  For  an  interesting  account  of  the  properties 
of  the  tree  and  its  fruit,  see  the  inaugural  thesis  of .  the.  late  Professor  Woodhouse,  of  the 
University  of  Pennsylvania^"    Darlington,  Florula  Cestrica,  p.  47  (1826). 

Two  other  inaugural  essays  have  been  devoted  to  the  study  of  the  fruit  of  this  tree; 
one  by  Benj.  R.  Smith,  printed  in.  the  American  Journal  of  Pharmacy,  October,  1846,  pp.  161 
— 167,  and  the  other  by  John  E.  Bryan,  in  the  same  journal,  May,  1860,  pp.  215 — 217.  From 
these  essays  the  following  results  are  taken.  The  fruit  contains  tannin,  pectin  (or  perhaps 
malic  acid),  sugar,  lignin  and  coburing  matter  and  neither  vegetable  albumen  starch  nor  resin. 
Of  600  grains  of  green  persimon  there  were  found  to  be  119  grs.  of  insoluble  resinous  matter, 
64  grs.  of  saccharine  matter  slightly  acid,  22  grs.  ^f  ligneous  matter,  1  of  green  colouring 
matter,  and  the  remaining  394  grs.  were  supposed  to  be  water.  It  is  further  supposed  that 
in  the  young  fruit  lignin  serves  as  a  sort  of  frame-work  and  as  a  means  of  circulation  for  the 
juices  of  the  plant ;  but  as  the  fruit  ripens  the  lignin  is  converted  into  sugar,  20  parts  of  lignin 
producing  21  parts  of  sugar.  The  astringent  principle  is  tannin  analogous  to  that  of  Cinchona, 
Catechu,  &a,  and  different  from  that  of  galls  and  oak-bark;  and  the  fruit  retains  its  astringency 
when  dried  carefully. 

An  astringent  and  styptia  The  inner  bark  is  used  in  intermittent  fever,  in  diarrhoea, 
and  with  aJum  as  a  gargle  in  ulcerated  sore  throat.  An  indelible  ink  can  also  be  made  from 
the  fruit  (See  Resources  of  the  Southern  Fields  and  Forests,  by  Dr  Porcher,  pp.  423 — 427, 
Charleston,  1869.) 

In  the  southern  United  States  of  N.  America  the  fruit  hangs  during  part  of  the  winter  on 
the  tree  a  long  time  after  the  fall  of  the  leaves ;  and  when  at  length  it  too  falls,  it  is  eagerly  eaten 
by  both  wild  and  domestic  animals.  In  Virginia,  Carolina  and  the  western  States,  the  fruit 
is  gathered,  kneaded  with  bran,  made  into  cakes  and  baked.  These  cakes  mixed  with  tepid 
water  serve  to  make  beer  with  the  addition  of  hops  and  yeast  to  cause  fermentation. .  Spirit 
is  also  distilled  by  frirther  fermentation.  Neither  the  beer  nor  the  spijrit  is  made  for  the 
purposes  of  commerce. 

This  species  with  its  varieties  has  a  foliage  exceedingly  like  2).  Lotus,  L. ;  it  differs  from  the 
latter  by  the  male  cymes  and  female  peduncles  being  rather  longer  and  by  the  larger  flowers 
and  fruit  Some  specimens  with  regard  to  which  the  native  country  is  unknown,  .though 
clearly  belonging  to  one  of  these  species,  are  extremely  difficult  to  assign  to  either  one  of 
them  with  certainty. 

Michaux  also  speaks  of  a  variety  with  smaller  fruit,  compressed  seeds,  and  leaves  pube6-> 
cent  underneath :  this  is  2).  pubescens,  Pursh.  Fl.  N.  Amer.  p.  265  (1814)  and  the  var.  /3.  micnh 
carpa,  Rafin.  Med.  Fl.  ll.  p.  153.  t.  32.  A  variety  is  occasionally  met  with  in  Sumter  district, 
S.  Carolina,  with  fruit  about  twice  the  ordinary  size  (Dr  Porcher),  2).  intermedia,  Hort  is  a 
variety  with  more  nimierous  (about  20)  hairy  stamens.  Polygamous  flowers  occur  in  cultivated 
specimens  of  this  species. 

North  America,  United  States,  St  Louis,  Drwmmond!,  Riehll  n.  178;  New  Orleans, 
T,  Drummondf  n.  204  bis;  ''Woods  and  old  fields,  Rhode  Island  and  New  York  to  Illinois, 
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azid  sonthwiUrd,''  A^a  Ordyi  ''Florida!  to  Mississippi  and  northward,"  Chapman;  Cumberland, 
Olney!;  MisBoari,  Bwldeyf ;  Virginia^  Portsmouth,  Bugel/,  A.  Oray! ;  Kansas,  Engehrumn. 
It  is  cultivated  in  British  Guiana,  and  has  long  been  introduced  into  Europe. 

102.    DIOSPYROS  Ejiki,  Linn.  fiL  SuppL  p.  439  (1781). 

D.  foliis  dUemia,  avalibus,  utrinqw  obtusis  vel  angustatis,  avbmemhraruiceis^  subtua 
piAescentibuSy  petiolatis/  floribus  masculis  axiUarHma,  temia,  cymosis,  tetrameris,  urceolatis, 
calyce  campanuJato,  lobie  ovatia  vel  lanceoloHa,  coroUd  extua  pubeacente,  ataminibua  acspiua  16, 
geminatia,  leviter  pubeacentibua ;  flaribua  femineia  acspiua  aolitariia,  peduncuiatia,  ataminodiia 
acapiua  8,  ofoario  aaspiua  S-lociUari,  fructibua  glohoaia  eduUbua  acepe  nuignia. 

Wight  la  t.  415  (1840);  Alph.  DC.  Prodr.  viil.  p.  229.  n.  30  excL  var.  y.  glaira 
(1844) ;   Thunb.  FL  Jap.  p.  157  excL  var.  /8.  (1784) ;  non  Blanco. 

Ficua  hortenaia,  frudu  aaaunJato  edvU,  folio  Pyri,  KaempC  Amoenit  exotia  p.  805  (1712). 

(?)  D.  lobata,  Lour.  Flor.  Cochinch.  p.  227  (1790);  Alph.  DC.  Ic.  p.  233.  n.  53. 

D.  chinenaia,  Blume,  CataL  Buitenz.  p.  110  (1823);  Flora,  1825,  p.  254;  Bijdr.  Fl.  Ned.  lod. 
p.  670  (1825). 

JD.  Schi'Tae,  Bunge,  Enum.  PL  Chin,  Bor.  n.  237.  p.  42  (1832). 

£mbfyopteria  Kaki,  G.  Don,  Gen.  Diet.  Gard  and  Bot.  iv.  p.  41  (1837). 

2).  coatata,  Carr.  in  Rev.  Hortic.  1870,  p.  134  (fig.  p.  133). 

R  Kaki  var.  coatata,  Andr^  in  Llllustration  Hortic.  vol.  xviil.  p.  176.  t.  78  (1871). 

Z>.  Boxburghi,  Carri&re  in  Bevue  horticole,  1872,  p.  253.  fig.  28,  29. 

Local  names ;  Ono  Kaki^  Esempfer  Amoenit.  pp.  805,  807.  fig.  p.  806  (1712) ;  Kakwe,  Javan 
name  ex  BL  Bijdr.  I.  c ;  KM,  RumpK  Herb.  Amboin.  vol.  L  p.  137  (1750). 

A  sifiall  tree ;  young  branches  inflorescence  and  underside  of  leaves  pubescent  or  sub- 
tomentose.  Leaves  alternate,  submembranous,  more  or  less  oval  and  acuminate  at  apex,  paler 
beneath,  2 — ^7  in.  long  by  1—3 J  in.  wide;  petioles  ^ — |in.  long.  Flowers  pedunculate,  dioecious 
or  polygamous,  tetramerous. 

g.  Cymes  axillary  I — Jin.  long,  3-flowered;  pedicels  about  -^ul  long;  flowers  usually 
drooping,  variable  in  size,  J — |  in,  long ;  calyx  slightly  hairy,  with  4  deep  ovate  or  lanceolate 
lax  lobes,  shorter  than  the  corolla ;  corolla  hairy  outside,  urceolate,  yellowish-white ;  stamen^ 
16  (14 — ^24),  in  pairs,  more  or  less  hairy,  filaments  short 

9 .  Flowers  usually  solitary,  or  pubescent,  axillary;  2-bracteate  peduncles  -^ — |  in.  long, 
HDated  and  articulated  to  fruit  at  apex ;  calyx  large,  hairy  on  both  sides,  deeply  4-fid,  about 
1  in.  or  more  wide,  with  widely  ovate  spreading  lobes,  cordate  at  the  base,  much  accrescent  in 
fruit  at  least  in  most  cases,  with  a  thickened  and  hairy  shallow  tube  in  fruit;  corolla  pu- 
berulous,  about  J — J  in.  high  and  wide,  4-fid,  with  J-oval  recurved  lobes;  staminodes  8  (or  16?); 
ovary  8 — 10-celled,  glabrous  or  nearly  so ;  style  hairy,  4-fid ;  fruit  glabrous  or  nearly  so,  glo- 
bular, sometimes  as  big  as  an  orange,  reddish  or  yellow,  8 — 10-celled  [?in  D.  lobata,  Lour.  1  in. 
in  diameter  and  lobed],  in  D.  coatata,  Carr.  2  in.  in  diameter  and  more  or  less  deeply  ribbed 
or  lobed.    The  Chinese  preserve  the  fruits  with  sugar. 

This  species  has  been  for  a  long  time  under  cultivation  in  China,  Japan,  &c.  and  presents 
much  variety  in  the  size  and  shape  of  its  fruit    By  the  kindness  of  M.  Carrifere  I  have  been 
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supplied  with  specimens  of  his  2>.  costata,  and  I  am  also  indebted  to  M.  Decaisne  for  the 
inspection  of  original  drawings  of  other  forms  of  this  species.  On  the  whole  view  of  the  case 
I  prefer  to  consider  all  as  belonging  to  one  species^  which  has  under  cultivation  assumed 
much  perplexing  variation.  Some  varieties  are  considerably  more  hardy  than  others;  the 
foliage  also  in  some  forms  is  fine  and  shining,  in  others  smaller  and  more  pubescent. 

D.  lohoita,  Lour,  may  very  possibly  belong  to  this  species,  but  the  firuit  is  described  as 
only  lin.  in  diameter. 

D.  Kaki,  L.  f.  is  closely  allied  to  D.  Lotus,  L.  and  D.  virginiana,  L.,  all  of  which 
species  are  very  variable  and  indeed  are  likely  to  be  confused  amongst  each  other ;  D.  virgiiir 
iana,  L.  holds  a  middle  position  in  respect  of  the  size  of  the  fruit  and  the  length  of  the 
inflorescence. 

Fruit  [see  Hasskarl  in  Bonplandia,  vn.  p.  255  (1859)]  globose,  with  a  diameter  of  2  in,  or 
very  depressedly  globose,  2|  in.  wide  and  1|  in.  high,  glabrous  and  shining,  scarlet ;  skin  thin, 
membranous ;  flesh  of  an  orange-scarlet  colour,  edible,  sweet,  with  yellow  fibres  joined  at  the 
base,  and  then  forked  and  longitudinally  dispersed  towards  the  surface;  fruiting  calyx  with  a 
brick-coloured  tube  and  green  reflexed  lobes.  Seeds  laterally  compressed;  in  iJie  globose 
fruits  6,  oblong,  one  face  nearly  straight  the  other  convex,  blunt  at  the  apex,  acute  at  the 
base,  a  little  produced  laterally,  1  in.  long,  J  in.  wide ;  in  Ifie  depreaso-glohose  fruits  8,  one 
face  rather  straight  the  other  more  than  semi-orbicular,  widely  rounded  at  the  apex,  rather 
acute  at  the  base,  scarcely  produced ;  all  dark,  smooth,  well  wrapt  in  the  fleshy  pulp  of  the 
mesocarp,  and  when  carefully  removed  from  the  flesh  rather  shining,  marked  on  the  convex 
face  along  its  whole  length  with  an  acute  yellowish  raphe  ^in.  thick.  Testa  thin,  coria- 
ceous; albumen  milk-white,  cartilaginous;  embryo  small  in  proportion  to  the  albumen, 
straight;  radicle  terete,  very  slightly  curved  or  usually  straight,  white,  Jin.  long;  cotyledons 
thin,  whitish,  lying  parallel  side  by  side,  in  the  globose  fruits  ovate  acute  Jin.  long  by 
i^in.  wide,  in  the  depresso-globose  fruits  subrotund,  Jin.  in  diameter. 

Japan,  Nagasaki,  fr.  ripe  in  Oct.,  Oldham!  628,  C.  Wright! ;  Tsu-sima  Island,  Str.  of 
Corea,  0.  WUfordl  756,.  ?  fl.  May;  Formosa,  Oldham!  n.  299;  Khasia,  Br  Eooker!, 
fruit,  Sept. 

For  a  discussion  of  Z>.  costata,  Carr.,  in  addition  to  the  above  reference,  see  a  note 
by  M.  Carrifere  on  JD.  Kaki  in  Rev.  Hortic.  1869,  p.  284;  a  letter  of  M.  Decaisne  in  the 
Gardener's  CJhronicle  for  1870,  p.  39;  a  letter  of  M.  Carrifere  in  Gard.  Chr.  1870,  p.  312; 
and  a  paper  with  woodcuts  and  coloured  plate  by  M.  Carrifere  in  Rev.  Hortic.  1871,  p.  410 ; 
also  Andr^  in  L'lllustr.  Hortic.  he.  cit  where  the  same  coloured  plate  is  given,  and 
the  Gardener^s  Chronicle  for  1872,  p.  576,  whence  the  accompanying  figure  has  been 
obtained. 

M.  Carrifere  describes  his  D.  Roxburghi  as  a  monoecious  shrub,  at  times  subdioecious  by 
abortion ;  the  male  flowers  very  numerous  in  comparison  with  the  female  and  bearing  15 — 20 
stamens ;  the  fruit  If  in.  (2  in.  in  figure)  in  diameter,  with  numerous  brown  prominences 
especially  towards  the  apex.  He  thinks  it  identical  with  the  D.  Kaki,  Roxb.  from  India,  but 
quite  distinct  from  the  2).  Kaki,  Thunb.  from  Japan  ;  he  finds  it  considerably  more  tender  and 
sensitive  to  cold  and  much  less  productive  of  fruit.  It  must  however  be  borne  in  mind  that 
M.  Carrifere  has  described  his  species  from  a  cultivated  specimen,  and  also  that  the  whole  group 
of  Kaki  has  been  long  cultivated  in  Japan,  China  and  elsewhere,  and  thus  it  may  be  expected 
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that  many  differences  have  been  acquired  under  cultivation  extended  over  a  wide  geographical 
area  which,  while  worthy  of  distinct  notice  in  a  horticultural  point  of  view,  yet  do  not  properly 
amount  to  specific  importance.  The  allied  species  D.  virginiana,  L.  and  J),  Lotus,  L.  are  in  a 
similar  manner  subject  to  great  variation  and  from  similar  causes. 

i  have  examined  the  herbaria  both  of  Linnaeus  and  of  Sir  J.  E.  Smith  (including  that  of 
Idnnseus  the  younger)  without  finding  an  authentic  specimen  of  D.  Kaki;  but  I  think  there  is 
no  doubt  but  the  i>.  KaJci  of  Thunberg  is  identical  with  that  of  linn.  fil. 


103.    DiosPYEOS  CHARTACEA,  WalL  List  n.  4135  (1828—32). 

D.  glahra,  foliis  aUemiSf  ehngato-lanceolatis,  apice  acuminata,  basi  obtusta^  submembra- 
naceis,  minute  peUucido-'pimctcUis,  breviter  petiolatis;  floribus  masculis  temisy  sybsessUibuSy 
tetrameris,  calyce  eUmgato-cylindrico,  4t-'Jido,  lobis  ovatisy  cUiatis;  coroUd  brevi^  ^fdAj  lobis 
(Atim8,  stamtnibus  16 — 20,  geminatiSy  antheris  pilosis,  ovarii  rudimento  glabro. 

Alph.  DC.  Piodr.  VIii.  p.  232.  n.  51  (1844). 

Glabrous  or  very  nearly  so.  Leaves  elongate-lanceolate,  acuminate  at  apex,  rounded  or 
somewhat  narrowed  at  base,  submembranous,  minutely  pellucid-punctate,  alternate,  2 — 9^  in. 
long,  by  J — 3  in.  wide ;  petioles  ^^j — J  in.  long ;  lateral  veins  prominent  below. 

^.  Flowers  subsessile,  subglobose  (in  bud),  xV^*  ^^  diameter,  temate,  crowded,  in  small 
very  short  cymes;  bracts  2  or'  3  times  shorter  than  the  flowers,  ovate,  acute,  subciliate. 
Flowers  Jin.  long,  quite  glabrous  except  the  margins  of  the  ciliated  calyx-lobes.  Calyx 
shortly  cylindrical,  4-fid,  with  ovate  rounded  much  imbricated  lobes.  Corolla  (in  bud)  scarcely 
longer  than  the  calyx,  4-fid;  lobes  ovate,  obtuse.  Stamens  16 — 20,  in  pairs;  anthers  shortly 
pilose,  filaments  short,  ^in.  long  (in  bud).    Ovary  rudimentary,  glabrous. 

Burma,  Trogla  hills,  Bank  of  Sallun,   WaUich!  4135. 

104.  DiosPYBOS  VACClNioiDES,  Lindl.  in  Hook.  Exot.  FL  t.  139  (1825). 
D.  frviicosa,  foliis  cUtemis,  ovoMbus,  apice  apiculaiis  saspe  acutis,  basi  angustatis,  supra 
glabris  nitidis,  coriaceis,  suibsessHibtis ;  floribus  masculis  1 — ^-ms  subsessUibus  aaUlaribus 
^^-meris,  bracteis  ovatis  cUiaMs  imbricatis,  calyce  i^-partito,  coroUd  lobatd,  lobis  lanceoUitis 
acutis  paixntibusy  staminibus  16,  geminatis,  glabris,  coroUcs  basi  insertis;  floribus  femineis 
solitariis,  subsessilibm,  sta/minodiis  4 — 8,  glabris,  uniserialibus,  ovario  tnfeme  glabro,  S4oculfLri; 
fructibus  globosis  vd  eUipsoideis,  albumine  non  ruminato,  calyce  non  accrescente. 

Loddiges,  Cab.  t.  1549  (1829) ;  Wall.  List  n.  4130  (1828—32). 

Rospidios  vacdnioides,  Alph.  DC.  Prodr.  vm.  p.  220  (1844),  Benth.  Fl.  Hongk.  p.  210 
(1861),  Hance  in  Ann.  Sc.  Nat  ser.  V.  vol.  v.  p.  227  (1866). 

Non  Vaccinium  BprengeUi,  WalL  List  6296!  Vide  Voigt,  Hort.  Suburb.  Calcutt  p.  333 
(1845). 

Vaccinium  frojgrans.  Wall,  ex  Voigt,  I,  c.  p.  345. 

2>.  vaccinifolia,  Ettingsh.  Beitr.  Kenntniss*  Foss.  Fl.  V.  Sotzka  in  Untersteiermark,  in 
Sitzungsberichte  der  Math.-naturw.  Q.  Kais.  Akad.  Wissensch.  xxvui.  p.  494.  t.  v.  fig.  5—6 
(1858). 
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*  A  3mall,  erect,  twiggy,  leafy  and  evergreen .  shrub,  resembling  Buams  9empervirens. 
Branches  covered  with  shaggy  rufous,  silky  hairs  when  young,  then  puberulous  tod  finally 
glabrate>  spreading  at  about  30^  Leav^  oval,  apiculate  and  often  acute  at  ^pex,  more 
or  Je^s  narrowed  at  base,  alternate,  subsessile,  coriaceous,  appressedly  pubescent  beneath 
when  young,  shining  and  glabrous  above;  | — Ifin.  long  by  J-r-J in.  wide ;  midrib  depressed 
aboVQ ;  without  conspicuous  veins.  .      ,  .  : 

i.  Flowers  ^in-  long,  tetramerous,  drooping^  subsessile,  in  very  short  1 — S-flowered 
axillary  rufous-hairy  cymes ;  bracts  ovate,  ciliated,  imbricated,  caducoua  Calyx  4-partite,  with 
4  lanceolate-subulate  erect-patent  lobes  ^  in.  deep  pubescent  on  both  sides.  Corolla  scarcely 
longer  than  the  oalyx,  4-fid,  with  lanceolate  spreading  lobes,  with  4  hairy  lines  outside. 
Stamens .  10  (12  ex  Alph.  DC),  glabrous,  in  pairs^  the  inner  ones  shorter,  inserted  at  the 
base  of.  the  corolla-tube ;  anthers  rather  shorter  than  the  filaments,  dehiscing  laterally  from 
apex.     Ovary  rudimentary,  hairy. 

9.  Flowers  solitary,  subsessile.  Bracts  caducous.  Calyx  J — ^in.  long,  hairy,  4-partite, 
with  linear-lanceolate  lobes.  Corolla  shorter  than  the  calyx,  4-fid,  with  4  hairy  lines  outside 
and  lanceolate  acute  recurved  lobes.  Staminodes  4 — 8,  glabrous,  in  one  row,  inserted  at  the  base 
of  the  coroUai-tube.  Ovary  ovoid,  prolonged  at  apex  into  a  pubescent  4-lobed  style,  glabrous 
below;  (3-celled  according  to  Lindley)  8-celled;  cells  1-ovuled.  Fruit  globose  or  ellipsoidal, 
•shining,  usually  glabrous  except  at  apex,  "  3-celled,"  about  J  in.  high ;  cells  1-seeded ;  aflbumen 
not  ruminated;  cartilaginous;  embryo  axile,  straight,  cotyledons  large  foliaceous.  Fruiting 
<salyx  npt  accrescent.  .      , 

China;  Hong  Kong,  Major  Champion/;  C.  Wilford!;  MiUett!;  Hance/  604;  0.  Wright! 
312 ;  S.  China,  Seemann !  2454 ;  Malacca,  Griffith !  8648  j  Singapore,  Penang,  &c.    Walker !, 

WaUich! 

Var.  pelhcido-punctata.  Leaves  peUucid-punctate,  thinly  coriaceous.  Fruit  with  scat- 
tered hairs.     South  Andaman,  S.  Kwtz! 


105.    DiosPYKOS  cAYENNENSis,  Alph.  DC.  Prpdr.  vni.  p.  ?24.  n.  8  (1844). 
D.  foliis   aUemiSy    oblongis,    obtuats,    basi   angustatis,   supra   nitidis  glaherrimis,   svltus 
ghbreacentifms,  coriaceis,  petiolatis;   floribiis  1 — 3-ww  brevissime  cymosis  subaessUibiAS  ferru- 
gineo^dutinis^  calyce  turbinato  profunde  it-lobq,  coroUd' calyce  svblongiore,  staminibvs  10 — 12, 
glabris,  avario  in  flore  femineo  ovoideo  glabro  H-locviari. 

l)anzleria  axillaris,  Bert  ex  Alph.  DC.  I  c.     . 

Young  shoots  and  flowers  ferruginous-velutinous.  Leaves  alternate,  oblong,  obtuse  or 
obtusely  acuminate,  abruptly  narrowed  at  base,  coriaceous,  shining  and  quite  glabrous  above, 
glab^rescent  beneath,  green  on  both  sides  in  the  dry  state,  3 — 6  in.  long  by  1 — 1§  in.  wide, 
reticulated ;  more  or  less  revolute  at  the  margin,  petioles  J  in.  long  or  shorter.  Flowers 
drooping,  puberulous,  tetramerous;  peduncles  much  shorter  than  the  calyx. 

a.  Flowers  solitary  or  3  together.  Calyx  Jin.  long;  lobes  sub-erect,  widely  ovate, 
undulated,  silky  on  both  sides,  thickened  within  over  a  triangular  space  at  base.  Corolla 
ovoid,  sub-tetragonal,  contorted  in  bud,  fleshy,  somewhat  hairy  outside.  Stamens  10—12, 
glabrous,  distinct  or  in  pairs;  anthers  subulate. 
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9.  Flowers  axillary,  1 — 3  together,  }in.  long;  pedicels  equalling  the  petioles.  Calyx 
turbinate  at  base,  deeply  4-fid;  lobes  wide,  cordate.  Corolla  silky  outside,  rather  longer 
than  the  calyx.  Ovary  ovoid^  glabrous,  8-celled,  fruiting  calyx  nearly  ^in.  high  by  more 
than  i  in.  wide,  4-fid,  with  reflexed  undulated  lobes  and  shallowly  cup-shaped  crass  tube 
having  internal  elevated  rim,  appressedly  and  shortly  hairy  inside. 

Cayenne,  French  Guiana!;  cultivated  in  Jamaica^  Berterl j  but  not  mentioned  in  Grise- 
bach's  Flora  of  the  British  West  Indies. 


106.    DIOSPYEOS  LiEVis,  Boj.  ex  Alph.  DC.  Prodr.  vm.  p.  232.  n.  50  (1844). 

D.  glabra^  foUis  dUemia,  eUipticis,  tUrinque  cmguatatis,  ccriaoeia,  breviter  petMaiis; 
floribus  maaculia,  1 — S-nis,  subsessUibua,  tetrameria,  caiyce  campantUcUo,  coroUcB  lobis  obtusis, 
staminibus  16,  geminatis^  gldbria. 

Glabrous.  Branches  slender,  black  in  dried  state.  Leaves  alternate,  elliptical,  attenuate 
at  both  ends,  rather  obtuse  at  very  apex,  coriaceous,  revolute  at  the  margins.  Sin.  long 
by  1^ — H  in.  wide ;  lateral  veins  scarcely  conspicuous ;  midrib  depressed  above ;  petioles  I  in. 
long. 

S.  Flowers  solitary  or  3  together,  subsessile,  |in.  long,  glabrous;  calyx  campanulate, 
shortly  4-fid,  with  acute  ciliated  deltoid  lobes;  corolla  shortly  4-fid,  double  the  length  of 
the  calyx  or  less,  lobes  widely  ovate,  obtuse;  stamens  16,  in  pairs,  unequal,  apiculate, 
glabrous. 

Madagascar,  East  coast,  Bqjerf ,  Helaonberg! 


107.    DiosPTROs  THOUABsn,  sp.  nov. 

D.  glabra,  foliia  aitemis,  eUipUcia,  ntrinqv^  patdum  angti^tatis,  cariaceis,  subsessilibfis ; 
floribus  mascuiis,  aggregatis,  bremsime  cymoais,  tetrameris,  v/rceolatis,  caiyce  parvo,  4-fo6o, 
staminibus  12,  glabris,  in  fiore  femineo  paticie,  ovario  cvoideo,  S-looulari 

Dark,  glabrous  except  the  bracts.  Leaves  alternate,  elliptical,  subsessile,  coriaceous, 
sofne what  narrowed  at  both  ends,  obtuse;  veins  reticulated,  inconspicuous;  midrib  somewhat 
depressed  above;  IJ — ^3 in.  long  by  | — l^in.  wide,  rich  dark  brown  beneath;  margins  just 
thickened  beneath.    Cymes  axillary,  many-flowered,  short;  bracts  small,  dilated. 

<J.  Flowers  ^in.  long  by  ^in,  wide,  urceolate.  Calyx  ^  in.  long  by^in.  wide,  shortly 
4-fid,  lobes  depresso-deltoid,  apiculate;  corolla  |in.  long,  ^^in.  wide,  barrel-shaped,  J  way 
4-lobed;  lobes  imbricated  sinistrorsely,  depresso-ovate ;  stamens  12,  mostly  or  all  inserted 
at  base  of  corolla  (some  in  pairs  1),  glabrous;  anthers  much  exceeding  the  filaments,  de^ 
hiscing  laterally  from  apex;  jpollen  ellipsoidal,  smooth.    Ovary  0. 

5.  Calyx  ^in.  long  by  -ft — |in.  wide,  deeply  4.fid;  lobes  widely  ovate,  sub-oordate 
at  base,  apiculate  at  apex,  suberect,  accrescent  Corolla  equalling  the  calyx,  deeply  4-fid, 
not  spreading.  Staminodes  2  or  more,  4  (?),  small,  inserted  at  base  of  corolla.  Ovary 
ovoid,  terminated  by  short  4-lobed  style,  8-celled,  cells  1-ovuled. 

Madagascar,  Eb.  Petit-Thauara/  in  Mus.  Paris, 
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108.     DIOSPYEOS  CHLOROXYLON,  Roxb.  Coromand.  L  p.  38.  t.  49  (1795). 

2).  foliis  aUemiSj  ovalibus,  basi  saspiua  rotundaiis  apice  mucronaiis,  temciter  coriaceu, 
9ubtu8  tomentosisy  hreviter  petiolcUis ;  Jlorihua  mascuiis  aggregatis,  subseasilihug,  4 — IQ-nia^  te* 
trameris,  calyce  campanulcUOf  dense  pvbeacente^  profunde  ^fido,  cordld  ^-fiddy  etaminibtbs  16, 
hiserialibuey  glabris  ;  Jloribus  femineis  solitariisy  sessilibiuf,  sta/minodiie  cirdter  8,  glahris,  ovario 
glabrQ,  S-loculari;  frvctibus  globosis,  glahris,  edvlitmSy  eeminum  dihumine  non  rummato. 

WaU.  List  n.  4118  (1828—32),  AlpL  DC.  Prodn  viii.  p.  230.  n.  40  (1844), 

D   tomentosa,  Poir,  Encycl.  V.  p.  436.  n.  22  (1804),  non  Roxb. 

D.  capitulata,  R.  Wight  Ic.  tt  1224,  1588  bis  (1850). 

Cfr.  D.  glauca,  Rottler  in  Qesellschaft  Naturfoischender  freunde  «u  Berlin,  Neue  Schrift. 
IV..  p.  221  (1803);  Alpb-  DC.  Prodr.  viii.  p.  238.  n.  84  (1844). 
•     NeHa-wooli/mera  of  the  Telingas,  Roxb.  Corom,  /.  c;  Neenye  or  Niwi  in  Surat,  Dr  Gibson, 

A  tree  of  middle  size  with  irregular  trunk,  o^  in  low  lands  only  a  large  bush;  bark 
scabrous,  dark  rust-coloured ;  branches  spreading,  sometimes  spinous ;  young  shoots,  pubes- 
cent-tomentose,  subfulvous.  Leaves  oval  or  oval-oblong,  usually  rounded  at  base  and  mucronate 
at  apex,  thinly  coriaceous;  pubescent  or  subglabrescent  and  dark  green  on  upper  sidet 
more  or  less  tomentose  and  sub-tawny  beneath,  alternate,  | — 3  in.  long  by  | — 1^  in.  wide ; 
petioles  ^ — \  in.  long ;  midrib  depressed  above ;  lateral  veins  not  c6nspicuous.  Inflorescence 
tawny  densely  pubescent;  flowers  white. 

6 .  Flowers  clustered  sessile  or  subsessile^  4 — 10  together,  about  \  in.  long,  tetramerous ; 
on  peduncles  -^  in.  long,  with  very  short  pedicels ;  bracts  oval,  small,  glabrous  inside. 
Calyx  about  ^  in.  high,  campanulate,  densely  tawny-pubescent^  deeply,  4-fid,  with  apiculate 
lobes,  glabrous  inside.  Corolla  4-fid,  glabrous  except  4  lines  of  hairs  outside.  Stamens  16, 
in  2  rows,  inserted  more  or  less  in  pairs,  receptacle  or  at  base  of  corolla,  glabrous,  the 
inner  ones  shorter;  longer  filaments  as  long  as  anthers;  anthers  dehiscing  laterally  from 
apex ;   connective  apiculate  or  prolonged.     Receptacle  glabrous ;   ovary  rudimentary  glabrous. 

9.  Flowers  solitary,  sessile  (or  subsessile  in  Wight  Ic.  t  1588  bis),  about  \m.  long, 
tetramerous ;  bracts  longer  than  in  6 ,  shorter  than  the  calyx.  Calyx  \  in.  long,  campan*- 
ulate,  pale  tawny,  densely  pubescent;  lobes  §rds  depth  of  calyx,  apiculate.  Corolla  erect, 
glabrous,  except  4  hairy  lines  down  middle  of  lobes ;  lobes  \ — §  rds  depth  of  corolla,  ovate- 
lanceolate.  Staminodes  7 — 9,  glabrous,  in  one  row,  hypogynous  or  inserted  at  base  of  corolla^ 
Ovary  glabrous,  surmounted  by  4  erect  glabrous  styles,  8-celled;  cells  1-ovuled,  often 
approximated  in  pairs.  Fruit  globose,  glabrous,  Jin.  or  rather  more  in  diameter,  on  nearly 
flat  calyx  Jin.  in  diameter.  When  ripe  it  is  eaten  raw  among  the  Orixa  mountains  and  is 
very  palatable.  Seeds  2 — ^3;  albumen  not  ruminated,  testa  thick  slightly  iiregular  inside. 
The  wood  of  the  larger  trees  is  yellowish,  very  hard  and  durable,  and  is  used  by  the 
natives  for  various  economical  purposes. 

Tranquebar,  Vahl;  Madras!;  Bombay;  Surat  and  Nassick,  Dr  Oihson! ;  Canara  and 
Mysore,  Mr  Law  I;  Kew  List,  xl  1712,  1719,  3617;  WottkK!;  East  Bengal! 
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109.      DlOSPYBOS(?)   PEBOAMENA,  sp.  nOV. 

D.  glabra^  folm  obova;to-oblonffi8,  cdterms,  bad  leviter  angustatis,  apice  anguste  et  abrupte 
{icuminatis,  firmiter  pergammis,  petiolatis,  florihus  Tnasculis  in  ramis  vetustis  dense  aggregatis 
sessilibm  et  breve'Cymosis,  pentameris  pubescentibus  parvis,  staminihvs  20  binis,  ovarii  rudi- 
mento  hirsuto;  fructibus  pedv/ncruUUia  globosis  v/nciaUhm  glahraiis  ^-locularibus  S-spermia ; 
albumine  radiatim  gtriato. 

Glabrous,  young  shoots  terete ;  leaves  alternate,  obovate-oblong,  narrowly  and  suddenly 
acuminate  at  apex,  slightly  narrowed  at  base,  of  the  texture  of  firm  parchment,  dark  brown 
above  with  depressed  veins,  paler  with  raised  veins  loosely  reticulated  beneath,  8— 9  in. 
long  by  2f5j — 3 in.  widej  petioles  Jin.  long. 

i .  Flowers  densely  clustered  on  the  older  branches,  sessile  and  in  short  cymes,  penta- 
merous,  hirsute,  subglobose  (?),  ^  in.  in  diameter  (immature) ;  calyx  5-fid,  glabrous  inside, 
lobes  ovate;  corolla  5-fid,  lobes  obtuse;  stamens  20  in  10  pairs  hispid,  ovary  rudimentary 
hairy. 

$ .  Fruit  solitary  (?)«  glabrate,  subglobose,  about  1  in.  in  diameter,  3-celled,  3-seeded 
(in  one  case) ;  peduncle  nearly  J  in.  long ;  calyx  5-partite,  J  in.  in  diameter,  closely  hairy 
on  both  sides,  reflexed;  lobes  involute;  seeds  fin.  long  by  }in.  thick;  albumen  radiately 
striate,  not  ruminated, 

Borneo,   0  Beooari!  n.  1787. 

110.    DiOSPTROS  CATJLlFliOiiA,  Blume,  Bijdr.  Fl.  Ned.  Ind.  p.  668  (1825). 

D.  foliis  aUemia,  cvaUbua,  utrinque  attenttatis,  nitidis,  glalms,  breviter  petiolatis;  floribus 
masculis  atcillai^us  tetrameris,  staminibus  16,  gemincUds,  inoequalibus ;  floribus  femineis  late- 
ralibus  seous  ramos  vetustiores  panioiUatia,  calyce  profunde  4fo4obo,  lobis  basi  margine  sinuato 
refleads  nigrescentibus,  corolld  vrceolatd,  At-fldi,  fauce  constrictd,  fructibus  globosis,  glabris, 
edulibiAS,  4 — S-looularibus,  alimmine  radiatim  striaio. 

Alph.  DC.  Prodr.  vui.  p.  23a  n.  81  (1844)  ;  Hasselt  in  Hasskarl  PL  Javan.  p.  767.  n.  351 
(1848);  nonMart.  . 

A  lofty  dioecious  tree.  Leaves  alternate,  elliptical  or  oblong,  attenuate  at  both  ends, 
4 — 9 in.  long  by  1 — 3^ in.  wide,  shining,  glabrous;  midrib  and  lateral  veins  depressed 
above;  petioles  \ — Jin.  long. 

<J .  Flowers  axillary;  calyx  4-fid;  corolla  4-fid ;  stamens  16,  in  pairs,  unequal  in  the  pairs. 

9.  Flowers  crowded  in  dense  lateral  panicles  on  the  older  wood,  racemose;  racemes 
3 — 5  flowered,  with  bracteoles  at  the  ramifications;  peduncles  nearly  lin.  long,  thickened 
at  the  apex,  turning  black.  Calyx  deeply  4 — 5-lobed ;  lobes  turning  black,  narrow,  reflexed, 
at  the  base  with  wavy  margin.  Corolla  urceolate,  4-fid,  much  constricted  at  the  top  of  the 
tube;  tube  tetragonal,  covered  with  black  hairs  especially  at  the  angles;  lobes  pale  yellow, 
horizontal. 

Fruit  fleshy,  globose,  glabrous,  edible,  1  in.  in  diameter,  4 — 8-celled,  green ;  seeds  soli- 
tary in  the  cells,  some  imperfect;  albumen  radiately  striate;  embryo  turning  yellow, 

Java,  Bantam,  500  ft.  alt.  HasseU^  Beinwardt/,  Blume/ 


Digitized  by 


Google 


Mb  HIERN,  on  EBENACEiE.  236 

111.    DiosPYROS  RAMIFLORA,  Roxb.  Hort.  Beng.  p.  40  (1814). 

D.  foUia  altemis,  ovalibtuf  vd  oblongis,  apice  oGuminatis,  hasi  angustatis,  coriaceis,  gtabrts; 
Jloriblis  fentineis  dense  fasciGulatis  secus  ramos  vetu^tiores,  4 — 6-mmff,  tomentosis,  caiyce  cam- 
panvldto  irregulariter  lobato  (zccrescente,  coroUd  urceolaixhoblongd  obtuse  lobatd,  staminodiis 
10 — 12,  glabris,  ovario  ovoideo-contco,  fidvo'tomentoso,  10*  vel  li-locidari,  fructibus  globosia, 
magnis,  svhscabris,  edulibiLS,  10 — 12rspermis. 

Roxb.  FL  Ind.,  edit.  1832,  Vol.  ii.  p.  535.  n.  7;  Drawings  in  Herb.  Kew;  Wall.  List 
n.  4119  (1828— 32) -Wight  Ic.  t.  189  (1840);  Alph.  DC.  Prodr.  viii.  p.  233.  n.  57  (1844). 

A  large  dioecious  tree  with  glabrous  leaves  and  branches  and  straight  trunk.  Leaves  oval 
or  oblong,  acuminate  at  apex,  somewhat  narrowed  at  base,  coriaceous,  alternate,  shining 
and  of  same  colour  on  both  sides,  margins  slightly  undulated  and  recurved,  4 — 10  in.  long 
by  1 — 3  in.  wide,  veins  not  conspicuous  above,  petioles  ^ — |  in.  long;  midrib  wide  and 
channelled  above. 

9 .  Flowers  urceolate-oblong,  collected  in  small  short  fascicles  on  the  thick  woody  branches, 
tetramerous  pentamerous  or  hexamerous;  the  inflorescence  is  however  sometimes  on  young 
shoots  or  in  racemes  or  panicles.  Pedicels  and  calyces  clothed  with  olive-coloured  down; 
calyx  ^  in.  long,  urceolate,  with  inflated  tube  and  deltoid  lobes  -^ — J  in.  deep ;  corolla  J — J  in. 
long,  white,  covered  with  short  felt  outside,  glabrous  inside  except  on  the  obtuse  imbri- 
cated lobes  which  are  about  \  the  depth  of  the  corolla,  at  first  spreading  and  then  revolute; 
tube  somewhat  inflated.  Staminodes  10  or  12,  double  the  number  of  the  parts  of  the 
flower,  glabrous,  in  one  row,  shorter  than  the  corolla-tube.  Ovary  about  the  length  of  the 
calyx,  ferruginous-hairy,  ovoid-conical,  10  or  12-celled;  cells  1-ovuled;  style  short;  stigmas 
5  or  6.  Fruit  globular,  2J — 3  in.  in  diameter,  slightly  scabrous,  resting  on  the  very  thick 
enlarged  calyx  which  is  about  IJ  in.  in  diameter,  10 — 12-celled;  cells  1-seeded;  seeds 
transversely  lined  outside ;  albumen  somewhat  ruminated  (?) 

Native  name  Oori-gaub  or  Qoolvl  on  eastern  frontier  of  Bengal,  where,  according  to  Dr 
Roxburgh,  the  tree  grows  wild  to  a  great  size,  and  supplies  the  natives  with  very  strong 
hard  wood.     Silhet,    WaUich/  4119;   Tipperah,  Roxburgh. 

The  position  of  this  species  in  the  genus  is  uncertain  in  consequence  of  the  want  of 
knowledge  of  the  male  plant  and  of  the  nature  of  the  albumen  in  the  seed;  thus  when 
more  intimately  known,  the  species  may  require  to  be  removed  to  Sect.  i.  Melonia  or 
elsewhere. 


112.    DiosPYKOS  DiEPENHORSTii,  Miq.  Fl.  Ind.  Bat.  Suppl.  I.  pp.  250,  583  (1860). 

D.  foUis  oblongis,  apice  breviter  dcu/minatis,  basi  obttms,  firmiter  coriaceis,  gidbris, 
breviter  petiolatis;  jloribm  fendneis  secus  ramos  vetustiores  aggregatis,  ovario  ovoideo,  hepta- 
gono,  glabro,  li-loculari,  basi  abrupte  stipitcUo-constricto,  caiyce  coriaceo  cupulato  groseificanie, 
exttis  parce  appresso-pubescente. 

Buds  somewhat  hirsute;  branchlets  glabrous.  Leaves  oblong  or  obovate-oblong,  the 
upper  ones  sublanceolate,  rounded  or  obtuse  at  the  base,  shortly  acuminate,  glabrous,  of 
firm   parchment-like   texture,  smooth  above   with  the  lateral  veins  usually  depressed,  pale 
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beneath  with  the  lateral  veins  prominent  mostly  patent  united  within  the  margin  and 
loosely  reticulated,  9 — 10  in.  long. 

(.  Flowers  densely  crowded  on  the  old  branches,  with  short  pedicels  and  hirtellous 
bracts;  ovary  rather  thickened,  resting  on  a  coriaceous  cup-shaped  patent  obtusely  5-lobed 
calyx  sparsely  covered  outside  with  appressed  puberulence,  abruptly  stipitate-constricted  at 
the  base,  ovoid-heptagonal,  glabrous,  marked  at  the  apex  with  7  pits  and  teeth,  14 —  (?  16)- 
celled. 

According  to  Miquel  it  is  clearly  related  to  D,  ramifiora,  Roxb.,  but  quite  a  distinct 
species.    Malay  name  Djantoe-dipo.    I  have  not  seen  a  specimen. 

West  Sumatra  in  Province  Priaman,  Diepenhorst 

113.     DioSPYROS  SUMATRANA,  Miq.  Plant®  Junghuhnian»,  p.  203  (1851 — 55). 

D,  foliis  distichis,  oblongis,  apice  anguste  dcuminatis,  basi  ciineatis,  svhmembranaceis, 
hreviter  petiokUts ;  floribus  femineis  laxiiLscule  cymosis,  fructibus  immaturis  ovoid eo-obUmgis, 
subglahris,  4s'lociUaribtL8^  loculis  monospermis,  aUmmine  non  ruminato,  calyce  fructifero  pro- 
funds  4[-fofto  appresse  pubescente,  a'woto,  faliaceo^  lobis  suberecti&,  ovatia^  acuminatis^  basi  cor- 
datis. 

Young  parts  inflorescence  petioles  and  midrib  of  leavea  beneath  caavered  with  short 
stiff  puberulence.  Leaves  firmly  submeiubranous,  oblong,  alternate,  with  a  long  narrow 
acumen  at  apex,  cuneate  at  base,  distichous,  2  J — 5  in.  long  by  | — 2  in.  wide ;  petioles 
i — I  in.  long ;  veins  slightly  depressed  above,  ia  relief  beneath ;  lateral  veina  5 — 6 ;  very 
minutely  and  vaguely  pellucid-punctate. 

9 .  Cymes  rather  lax>  about  J  in.  long  or  shorter  (excluding  the  flowers) ;  peduncles  J  in. 
long,  about  3-flowered  ;  pedicels  with  yellowish  hairs,  thickened  upwards ;  bracts  foliaceous, 
caducous.  Fruit  (unripe  1)  oblong,  | — J  in.  long,  glabrous ;  style,  erect,  glabrous  (broken),  dis- 
tinct. Fruiting  calyx  deeply  4-lobed,  appressedly  pubescent,  erect  or  sub-erect,  nearly  as  long 
as  the  young  fruit ;  lobes  ovate,  acutely  acuminate,  wide  and  cordate  at  base,  foliaceous,  wavy ; 
seed  J  in.  long;  albumen  not  ruminated;  young  fruit  glabrous,  4-celled;  cells  l-seeded» 
Sumatra,  Korthals  I,  distr.  Angkola,  Junghuhn  /;  Borneo,  Korfhah  I 

114.     DioSPYROS  PENDULA,  Hasselt  ex  Hasskarl  PL  Javan.  p.  468.  n.  552  (1848). 
D.  foliis    oblongO'lanceolatiSy    vtrinque    actmiinatis,    gtahris,    bremter    petiolatis,  floribus 
masculis   solitarris,  femineis  1 — 2-7iw  vel  breve-racemosis,   calyce    4i-fido,   nigro-piloso,   corollce 
lobis  revolutis,  fllamentis  8,   viUosis,  antheras  2 — 3   gerentibus,  ovario   ovoideo,  4-— 8-^oct^n, 
fructibus  carnosis. 

A  lofty  dioecious  tree.  Leaves  oblong-lanceolate,  acuminate  at  both  ends,  2J — 3J  in. 
long  by  1 — 2J-  wide,  shortly  petiolate,  glabrous. 

S.  Flowers  solitary.  9.  Flowers  solitary  2  together  or  collected  in  small  racemes, 
pendulous.  Calyx  4-fid,  bright  green,  nigro-pilose.  Corolla  pale  yellow,  with  reflexed  lobes. 
Filaments  8,  short,  hairy,  bearing  2 — 3  anthers.  Ovary  ovoid,  4 — 8-celled;  style  thick, 
attenuate  at  the  apex  (or  2 — 4  connate  styles) ;  stigmas  4,  emarginate.  Fruit  fleshy,  pilose 
when  young,  4 — 8-celled;  cells  1-seeded. 

Java,  Bantam  Province,  Mt.  Pulassarie,  fljowers  in  June,  between  4000  ft.  alt.  and  the 
crater,  HasseU. 
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115.     DiosPYROS  MACROPHTLLA,  Blume  Bijdr.  FL  Ned.  Ind.  p.  670  (1825). 

2>.  folUs  altemiSy  ovoMbus  vd  ovcUi-oblongis,  apice  acuminatiSy  basi  rotundatts  vel  tnterdum 
9vhcardatis,  tenuiter  coriaceis,  supra  glabris,  suhtus  glabriuscyiis,  nervis  gradlibus,  breviter 
petiolatis;  fioribus  masculis  paniculatis,  pedicellis  brevibus,  calyce  breviter  3 — b-fido,  urceolatOf 
carolld  breviter  B-lobd,  crasso-lignedr  staminibus  12,  geminatis,  glabris,  cymis  femineis  paud-^ 
fioris  brevtbus,  fructibus  tomentosis  subglobosis,  calyce  frwstifero  aucto, 

AlpL  DC.  Prodr.  Viii.  p.  228.  n.  27  (1844),  non  Wal 

D,  phyllomegas,  Steud.  Nomencl.  Bot.  edit.  ii.  vol  I.  p.  514  (1840). 

A  tree  60  feet  high,  with  dark  terete  branches.  Leaves  alternate,  oval  or  oval-oblong, 
acuminate  at  apex,  rounded  or  sub-cordate  at  base,  thinly  coriaceous,  nearly  glabrescent 
above  with  clear  slender  arching  lateral  veins,  glabrous  above,  3 — 10  in.  long  by  IJ — 4|in. 
wide;  petioles  | — Jin,  long. 

^J.  Flowers  axillary,  paniculate,  J  in.  long,  pubescent ;  panicles  many-flowered;  1 — IJ  in. 
long,  ultimate  pedicels  mostly  short.  Calyx  shortly  3 — 5-fid,  globose-urceolate,  ^  in.  long, 
lobes  deltoid ;  corolla  silky  outside,  ovoid  in  bud,  shortly  5-labed,  tube  very  crass  and  hard ; 
stamens  12,  unequal,  in  pairs,  glabrous. 

9.  Cymes  few-flowered,  short,  calyx  4 — 5-fid,  hairy  on  both  sides,  accrescent  in  fruit; 
fruit  tomentose,  sub-globose,  1  in.  or  more  in  diameter. 

Java,  in  mountainous  places,  Blume!    Local  name  KitjaUung, 

116.    DiosPTROS  OVALIFOLIA,  R.  Wight,  Ic.  t.  1227  (1850). 

D.  foliis  aUemis,  ovalibus,  apice  obtitsis,  icwi  angustatis,  tenuiter  coriaceis,  glahris, 
petiolatis,  florihus  aggregatis,  3 — 6-nw,  brevissime  cymosis,  4 — 5-meris,  urceolatis,  calyce  brevi, 
pvbescente,  corolld  subglabrd,  lobis  obtusis,  staminibus  13 — 20,  glabris,  svbcequalibus,  plerisque 
geminatis;  inflorefemiiieo  staminodiis  0 — 7,  ovario  hirsuto  4-  vel  Q-loctUariy  locvlis  l-ovulatis; 
fructibus  solitariis,  globosis,  glabraiis,  seminvm  albumine  non  ruminato. 

Thw.  Enum.  Ceyl.  PL  p.  181.  n.  13  (1864). 

A  moderate-sized  tree,  glabrous  except  the  inflorescence.  Leaves  oval-  or  obovate-oblong, 
rounded  or  obtusely  pointed  at  apex,  more  or  less  narrowed  at  base,  thinly  coriaceous, 
alternate,  midrib  depressed  above,  IJ^— Bin.  long  by  J — 2  J  in.  wide,  with  petiole  J — Jin. 
long,  turning  yellowish  when  dry,  paler  beneath  with  reddish  midrib. 

^ .  Flowers  clustered,  3 — 6  together,  on  very  short  hairy  cymes,  in  the  axils  of  fallen 
or  present  leaves,  4 — 5-merous,  j — \  in.  long.  Calyx  ^^  in.  long,  tawny-hairy  on  both  sides, 
openly  campanulate,  with  rounded  or  somewhat  deltoid  lobes  about  half  the  length  of  the 
calyx.     Corolla  twice   the   length   of  the  calyx   or    more,   urceolate,   glabrous   or  nearly  so, 

4 5-fid  or  less  deeply  lobed,  with  obtuse  spreading  or  recurved  lobes.    Stamens  13 — 15 — 20, 

glabrous,  mostly  inserted  on  the  receptacle  and  in  pairs,  nearly  equal,  J  in.  long,  filaments 
^  in.   long.    Ovary  rudimentary,  hairy. 

9.  Flowers  clustered,  3 — 6  together,  on  very  short  cymes,  4 — 5-merous,  thicker  than 
in  S'    Staminodes  0 — 7,  glabrous,  hypogynous  or  at  base  of  corolla.    Ovary  conical,  tawny 
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hairy,  4-  or  6-celled  (2-celled  ex  Wight  L  c.) :  cells  1-ovuled ;  stigma  2 — 3-lobed.  Fruit 
solitary,  subsessile,  glabrate,  globose,  |in.  in  diameter,  usually  1 -seeded.  Fruiting  calyx 
reflexed,  tomentose,  thickened  but  not  dilated  or  but  slightly  so.  Seeds  with  albumen  not 
ruminated. 

Ceylon,  2000—4000  ft.  alt.,   Thwaites!  1815,  1816,  2533,  Trincomalee,  Moon!;  Madras, 
Coimbatore,  Wight!  n.  1720;  Anamalay  hills,  Beddome! 


117.    DiosPTBOS  TEXAKA,  Scheele  in  Linnaea  xxii.  p.  145  (1849). 

D.  foliis  aUemis,  obovatis,  apice  rotuT^is,  basi  ouneatis,  svbmembranctceia,  svhtus  pvbe" 
scentihasy  suhseasUihis ;  floribm  masculia  1 — S-nM,  breviter  pedunctdatis,  pnheecentibtis,  calyce 
5 — 6'partitOf  coroUd  urceolatd,  6 — S-Jidd,  lobis  obovdids,  staminibtis  16 — 20,  biaerialibusy 
glabris;  floribus  femineis  solitariis,  staminodiis  0,  ovario  suh'S-loculari,  ovoideOf  dense  aericeo, 
fructibvs  ghbosis, 

A  tall  much-branched  shrub,  12 — 15  feet  high,  with  fastigiate  branches  spreading  at 
^{f — 70*,  cinereous,  verrucose,  leafy,  softly  pubescent  and  pale  at  the  apex ;  warts  subrotund, 
of  dark  reddish  colour.  Leaves  alternate,  oblong-obovate,  wedge-shaped  at  base,  rounded  or 
emarginate  at  apex,  submembranous,  softly  pubescent,  pale,  glabrescent  on  upper  side ;  veins 
inconspicuous  above ;  nearly  flat  or  with  revolute  margins,  \ — 2  in.  long  by  i — 1  in.  wide ; 
petioles  -^ — ^  in.  long,  hairy.      Flowers  with  scent  of  vanilla. 

^.  Flowers  1 — 3  together,  in  axils  of  present  or  fallen  leaves,  drooping,  \ — Jin.  long, 
softly  pubescent,  pale,  crowded  on  young  shoots ;  peduncles  \ — i- j  in.  long,  pubescent ; 
bracts  caducous.  Calyx  with  5  or  rarely  6  deep  ovate  or  lanceolate  lobes,  shorter  than  the 
tube  of  the  corolla,  Jin.  long,  pubescent  on  both  sides.  Corolla  urceolate,  with  5  or  per- 
haps rarely  6  recurved  lobes  about  half  the  length  of  the  corolla-tube,  glabrous  inside. 
Stamens  16 — 20,  distinct,  in  2  rows,  glabrous;  anthers  longer  than  the  filaments,  dehiscing 
from  the  apex.  (In  one  case  a  stamen  is  abnormal,  an  anther  having  two  filaments.)  Ovary 
rudimentary,  with  grey  hairs. 

5 .  Flowers  solitary,  pentamerous,  J  in,  high  by  \  in.  wide.  Calyx  large  but  not  accre- 
scent ;  peduncles  \ — \  in.  long,  recurved,  bearing  caducous  small  bracts.  Corolla  with  spread* 
ing  lobes.  Staminodes  0.  Style  4-fid ;  stigrtias  dilated.  Ovary  8  (?)-celled,  densely  pilose. 
Fruit  globose,  Jin.  in  diameter,  dark,  covered  with  scattered  hairs,  fleshy,  sweet-tasted, 
ultimately  shining.  Albumen  not  ruminated.  Fruiting  calyx  spreading  or  reflexed,  5-partite ; 
lobes  fin.  long,   oblong,  pubescent  on  both  sides. 

Nortk  America,  Texas,  Galveston  Bay,  Dmmmond  !,  Fasc.  in.  n.  329.  ( J  fl.) ;  Drummond  !, 
Fasc.  11.  n.  201.  (Fr.);  Lindheimer!,  Flora  Texana  exsiccata,  Fasc.  ill.  n.  451  (<J),  452  (?fl.), 
453  (Fruit);  Mexico,  between  Laredo  and  Bejem,  Feb.  1828,  Berlandier !  (<f  fl.);  collected 
in  expedition  from  Western  Texas  to  El  Paso,  New  Mexico,  May — Oct.  1849,  by  Charles 
Wright !  n.  423 ;  Texas,  Tr^cui,  Oct.  1849,  n.  1249,  in  woods  by  the  sides  of  streams ;  Herb. 
Berlandierianum  Texano-Mexicanum,  n.  3030!  (Z>.  mexicana,  Scheele  MSS.),  Ann.  1828;  "Hill 
sides,  Fort  Inge  to  Escondido  Creek,  and  near  Eagle  Pass,  Western  Texas,  flowers  in  March, 
fruit  ripe  in  August  about  1  in.  in  diameter,"  Torrey. 
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118.    DiosPYROS  MABACEA,  F,  Muell.  Austral  Veg.  ia  latercolonial  Exhibition  Essays, 

1866—67,  p.  35  (1867). 
2).  foliis  aitemis,    ovcdibus,  apice    hreviter  dcuminatist    basi   cuneatis,    chartcbceis,   costia 
exceptiB  subglabria,   breviter  petiolatis;  flaribus  masctdis  5 — 7-nw,  dense  cymosia,   tetrameris, 
caiyce  campanulatOy  At-fidoy  lobis  deltoideis  actitie,  coroUd  extue  eericed,  campanulatd,  profwnde 
lobatd,  lobis  ovalibua,  staminibus  15 — 16,  glabris. 

CargiUia  mabacea,  F.  MuelL  Fragm.  Phytogr.  Austr.  V.  p.  162  (1866),  Benth  FL  Austral. 
IV.  p.  287.  n.  2  (1869). 

Maba  quadridentaia,  F.  Muell.  Fragm.  l,c, 

A  tree,  20  feet  high;  young  branches  strigose-pubesoent.  Leaves  oval  or  oblong,  char- 
taceous,  alternate,  cuneate  at  base,  narrowed  or  shortly  and  obtusely  acuminate  at  apexj 
pubescent  on  midrib  and  principal  veins  beneath  and  on  the  depression  of  the  midrib 
above,  nearly  glabrous  on  the  rest  of  the  lea^  somewhat  shining  beneath,  of  same  dark 
green  colour  on  both  sides,  3 — 4 in.  long  by  IJ— l|in.  wide;  petioles  J — Jin.  long,  hispid- 
pubescent  ;  lateral  veins  slightly  depressed  on  upper  surface  of  leaves. 

<J.  Flowers  5 — 7  together,  in  short  axillary  hairy  cymes;  peduncles  very  short;  pedicels 
■^ — ^ in.  long;  bracts  ovate;  flowers  tetramerous.  Calyx  campanulate,  dark  green,  puberu-" 
lous  outside,  glabrous  inside,  4-fid;  lobes  deltoid  acute.  Corolla  pale  silky  outside,  about 
twice  the  length  of  the  calyx,  deeply  4-lobed;  lobes  oval,  emarginate,  imbricated  sinis- 
trorsely  in  bud.  Stamens  15!,  16,  many  iu  pairs  and  inserted  at  base  of  corolla,  a  few 
hypogynous,  all  glabrous,  Jin.  long;  anthers  narrowly  lanceolate;  filaments  short  Ovary 
rudimentary,  represented  by  a  bunch  of  hairs. 

S .  **  Fruit  a  scarlet  berry." 

Australia^  Tweed  River,  (7.  Moore  I 


119.    DiosPTROS  PENTAMERA,  Woolls  and  F.  Muell.  ex  F.  MuelL  Austral.  Veg.  in  Inter- 
colonial Exhibition  Essays,  1866—67,  p.  35  (1867), 

D.  jbliis  altemts,  ovalt-lanoeolatts,  apxce  obtuse  acuminatis,  bast  aUenuatis,  coriacetSy  gh," 
bns,  breviter  petiolatis;  jloribus  masculis  3 — 5'nis,  pubescent^uSy  brevissime  cymosis,  scspius 
pentameris,  caiyce  hemisphcsrico,  lobis  deltoideis,  coroUd  brevi,  profunde  5-lobd,  staminibus  15 — 
20,  JUamentis  brevisstmis  glabris,  antheris  villosis,  ovarii  rudimento  puhescente;  Jloribus  fe- 
mineis  1 — 3-«w,  fructibtis  solitariisy  subsessilibus,  globosis,  apice  excepto  glabratis,  1 — 4-7<wju- 
laribns,  seminum  albumine  nan  ruminato. 

CargUKa  pentamera,   Woolls  et  F.  MuelL  in  F.  MuelL  Fragm.  Phytogr.  Austr.  rv,  p. 
82  (1864),  Benth.  FL  Austr.  iv.  p.  288.  n.  4  (1869). 
Maba  pentamera,  F.  Muell.  I  c.  v.  163  (1866). 
C.  arborea,  A.  Cunn.  MSS. 

A  large  tree  attaining  80 — 100  feet  in  height  and  2 — 3  feet  in  diameter,  glabrous 
except  the  young  shoots  and  inflorescence,  somewhat  rigid  in  habit  Leaves  alternate,  Ian* 
ceolate  or  oval,  cuneate  or  attenuate  at  base  and  usually  as  much  so  at  the  apex,  coria* 
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ceous,  shining  above,  pale  and  yellowish  at  least  beneath,  1^ — 3 in.  long  by  | — lin.  wide, 
petioles  r^ — J  in.  long ;  midrib  slightly  either  raised  or  depressed  above ;  net- veins  nume- 
rous rather  prominent  above,  rather  inconspicuous  beneath.  Leaves  usually  marked  beneath 
by  some  small  dark  glands  arranged  along  2  straight  lines  equally  distant  from  the  midrib. 

<J.  Flowers  3 — 5  together,  fin.  long,  on  short  silky  drooping  cymes  which  measure 
without  the  flowers  about  ^— ^in.  long;  pedicels  very  short.  Calyx  hemispherical,  pubes- 
cent outside,  glabrous  or  shining  inside,  half  the  length  of  the  flower,  5-fid,  with  deltoid 
lobes;  rarely  4— 6-fid.  Corolla  sub-globose,  open  at  the  mouth,  pale  and  shortly  pubes- 
cent outside,  glabrous  inside,  deeply  5-lobed,  imbricated  sinistrorsely  in  bud;  lobes  oval. 
Stamens  15 — 20  ex  Bentham  tc,  usually  20  in  pairs  or  in  groups;  anthers  "tetragono- 
linear,  rostellate,  dehiscing  laterally  from  apex  downwards,"  silky;  filaments  very  short, 
glabrous.     Ovary  rudimentaiy,  hairy. 

5 .  Flowers  subsessile,  1—3  together,  usually  solitary  (?).  Fruit  solitary,  subsessile,  globose 
or  spheroidal,  about  Jin.  long,  glabrate  except  the  apex,  tipped  by  the  remains  of  the 
hairy  style,  2— ^-usually  4-  or  rarely  1-celled ;  cells  1-seeded ;  pericarp  thin,  crustaceous ; 
dissepiments  membranous;  seeds  ^in.  long  or  rather  more;  albumen  white,  cartilaginous; 
embryo  I  in.  long ;  radicle  clavate-cylindrical,  slender,  equalling  the  flat  narrowly  or  linear- 
lanceolate  cotyledons. 

Fruiting  calyx  ^in.  long,  receiving  the  base  of  the  fruit,  puberulous  or  pubescent  on 
both  sides,  5-  rarely  4-fid;  lobes  often  somewhat  spreading. 

Australia,  Moreton  Bay,  Leichhardt;  Brisbane  river,  A.  Cunningham!;  New  South 
Wales,  (7.  Moore  I  ^  Paris  Exhibition,  Sydney  woods  30,  W,  Macarthur!  49.  Plentiful  on 
the  mountain  brushes  of  the  Hastings  River,  C.  Moore;  Clarence  River,  C,  Moore! ,  Beckler, 
J,  Wilcox;  Queensland,  HiU! ;  Ash  Island,  Hunter's  River,  Mrs  Forde  and  Miss  Scott  ex 
W.  WooUs,  Contr.  Fl.  Austr.  p.  192  (1867).  Fruit  eaten  by  the  Carpophaga  magnijica,  Selby. 
Called  Black  Myrtle  by  the  colonists.    Timber  soft  when  fresh,  but  exceedingly  tough. 

120.  DiosPYROS  Paralea,  Steud.  Nomencl.  Bot.  edit.  ii.  vol.  i.  p.  514  (1840). 
D.  foliis  ovalilms,  altemiSy  apice  acuminatis,  basi  obtusis  supra  nitidis  glabrescentibu^, 
subtus  costd  margineqvs  tomefitosis  vd  svbglabrescentibus,  coriaceis,  breviter  petiolatis ;  fioribus 
masculis  aggregatis,  subsessilibus,  ferrugineo'toniejitosis,  tetrameris^  calyce  4t'fido,  corolld  cam- 
pamdatd,  Ai-fidd,  staminibus  circiter  16,  antheris  lineari-hnceolatis,  hirsutis,  jUamentis  brevibus 
glabris ;  fioribus  femineis  subsolitariis  vel  aggregatis,  subsessilibus^  staminodiis  8,  ovario 
tomentoso,  S-loculari;  fructibus  globosis,  sviglabratis,  seminum  aUmmine  non  ruminato. 

Alph.  DC.  Prodr.  vm.  p.  224.  n.  10  (1844),  Miq.  in  Mart.  Fl.  Bras.  vii.  p.  6.  t.  3  (1856). 
Paralea  guianensis,  Aubl.  PL  Guyan.  i.  p.  576  (1775).  P.  guyannensis,  Aubl.  /.  c.  t.  231 
(stam.  char,  et  fig.  excl.) ;  Paralia  guianensis,  Desv.  ex  Hamilt.  Prodr.  PI.  Ind.  Occ.  p.  45. 
n.  89  (1825). 

D.  ferruginea,  Spltgbr.  in  Vriese  Ned.  Kruidk.  Arch.  p.  327  (1848). 
D.  longifolia,  Spruce  in  Joum.  Proceed.  Linn.  Soc.  Lond.  V.  p,  7  (1861),  PI.  Bras,  exsicc. 
n.  1516  (1851). 

A  small  moderate-sized  or  lofty  tree  of  hard  white  wood;  young  shoots  buds  and 
inflorescence  ferruginous-tomentose.  Leaves  oval-oblong  or  ovate-oblong,  alternate,  more  or 
less    rounded    occasionally   somewhat    narrowed    at    base,    acuminate    at    apex,    coriaceous. 
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iBhining  and  glabrous  or  nearly  so  with  depreseed  midrib  above,  pubescent  pnberulous  or 
nearly  glabrescent  beneath  especially  on  the  marked  midrib  and  recurved  margins  (hairs 
rufous  in  dried  state;  leaves  bordered  when  young  with  white  hairs  which  fall  off^ 
according  to  Aublet) ;  lateral  veins  several,  slender ;  leaves  S — 8  in.  long  by  1 — 2^  in. 
wide ;  petioles  \ — |  in.  long,  glabrescent.    Bracts  rufous-hairy. 

^ .  Flowers  in  axillary  subsessile  clusters,  -^  in.  long,  rufous-hairy.  Calyx  ^  in.  long, 
acutely  4-fid;  lobes  deltoid.  Corolla  fleshy,  campanulate  or  campanulate-oblong,  sweet- 
scented,  quadrangular,  with  a  short  inflated  tube  and  4  short  lobes,  glabrous  inside 
(ferruginous  oa  both  sides  ex  Vriese),  4-fid.  Stamens  16 1,  united  by  their  filaments  in 
8  pairs  (18  ex  Aublet,  about  13  ex  Alph.  DC,  8  ex  Yriese),  the  inner  ones  the 
shorter;  anthers  linear^anceolate,  hairy  at  the  back  of  the  outer  ones  and  at  the  front 
of  the  inner  ones;  filaments  short,  glabrous.     Ovary  rudimentary,  ferruginous-hairy. 

9.  Flowers  (subsolitary  ex  DC.)  few  together  in  axillaiy  subsessile  clusters.  Staminodes 
8.  Ovary  8-celled;  cells  1-ovuled.  Fruit  solitary  or  2  together,  subsessile,  shining  and 
glabrate  or  with  some  persistent  ferruginous  hairs,  globose,  about  1  in.  in  diameter, 
pericarp  at  length  splitting  from  apex,  3 — 4-seeded.  Fruiting  ealyx  with  4  lobes  cordate 
at  base,  rufous-hairy  especially  on  the  undulating  maigins,  on  the  centre  of  the  back  and 
inside,  suberect  or  spreading,  | — 1  in.  across.   Seeds  oblong,  ^in.  long ;  albumen  not  rutninated. 

A  decoction  of  the  bark  is  said  to  be  useful  in  case  of  fever  in  Guiana,  where  the 
plant  is  known  by  the  name  of  Parala. 

French  Guiana,  Cayenne,  SagotI  n.  1253,  Martin?;  Guiana,  Mrs  Parker!;  British 
Guiana,  Schomburgk/  1492;  Surinam,  Sostmannf  647,  Splitgerber,  541;  S.  Venezuela, 
near  the  rivers  Casiquiari,  Vasiva  and  Pacimoni,  Spruce!  3169  S  flower  (arbor  gracilis 
18-pedalis,  ramulis  longis  pendulis.  Flores  flavo-virides.  In  ripis  inundatis  per  totum  Casi- 
quiarem,  nacnoa  in  Orinoco  superiore,  Nov.  1853} ;  Brazil,  by  the  south  bank  of  the 
Bio  Negro  close  to  its  junction  with  the  Solimoes,  Spruce!  1516,  in  fruit  (small  tree 
with  subverticillate  subsimple  branches,  fruit  green,  seeds  immersed  in  flesh,  D.  hngifoUa, 
Spruce). 

Aecerding  to  Hr  ^ru/se,  his  D.  hngifolio*  has  the  branches  arranged  in  whorls  of  five 
(very  ravely  three  or  four),  while  in  2>.  Paralea  the  branches  are  alternate.  The  branches 
however  in  D,  Paralea  are  sometimes  verticillate. 

121.  DiosPYKOS  BHODOCiLTX,  Hmtz  in  Joum.  Asiat  Bengal,  YoL  XL.  Part  a  p.  71.  n.  91  (1871), 

D.  foliis  obUmgia  vel  avaii-oblongis,  apice  dbUms^  ban  angustatis,  chartaceis,  suprA  glabris, 
tvcidis,  svbt^  secua  costam  pubescentibus,  breviter  petioUxUe;  flortbua  maacidis  tetramieria, 
bremssime  cymoeis,  colyce  dense  fulw-pijihescewtej  lobis  obUmga-lanceoIatis  obtusiusculis,  coroUd 
^S/labrd,  urceolatd,  staminibus  droiter  16  coroUce  basi  tnsertis;  floribus  fomineis  soUtariis,  eta* 
mnodiis  8 — 10,  ovario  dense  fuho4(menkfso,  i^-looulari  (?). 

yiora,  1871,  p.  332. 

A  small  tree  with  young  parts  appressedly  pubescent.  Leaves  obloi^  or  oval-oblong; 
raEely-abovate-^oblong,  retuse  or  rarely  (on  the  same  stock)  obtusely  apieulate,  on  slender  and 
dhort  petioles,  acute  or  obtuse. at  biMse,  chartaceous,  of  (variable  sjjze  1 — ^2  or  3 — Isin.  long. 
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glabrous  and  shining  abovei  for  the  most  part  slightly  pubescent  beneath  on  the  midrib ; 
veins  conspicuousy  net-veins  lax.  Flowers  tetramerous,  smally  sessile  or  subsessile,  axillary; 
bracts  linear,  densely  fiilvo-tomentose,  short 

$.  Cymes  very  short,  tomentose,  calyx  densely  tawny-pubescent;  lobes  oblong,  lanceo- 
late, rather  obtuse,  corolla  glabrous,  scarcely  Jin.  long;  tube  inflated;  lobes  short,  oblong. 
Stamens  about  16,  inserted  at  the  base  of  the  corolla;  filaments  short,  bearded;  anthers 
linear,  acuminate.    Ovary,  iiidimentary. 

9 .  Flowers  solitary,  sessile  or  subsessile.  Calyx  laiger  than  in  the  i  ;  lobes  widely 
oblong,  obtuse,  at  the  base  with  margin  plicate-dilatated  and  tinged  with  red.  Corolla  \m. 
long.   Staminodes  8 — 10.     Ovary  oblong  densely  fulvo-tomentose,  4-celled  (?). 

Siam,  B^dbdrf  and  E^btiri,  Tetjsnuinn  6000,  6007  in  Herb.  Bogor. 

According  to  Kur;5,  somewhat  resembling  in  general  habit  '^  B.  heteropht/Ua,  WalL,  and  best 
placed  near  i).  tammtosa"  Foir.    I  have  not  seen  a  specimen. 


122.     DiOSPTBOS    MACBOCABPA,    sp.    nov. 

D.  foliis  altemisj  pblongis,  apice  acutis  vel  subacvminatis,  bdsi  cuneatia,  coriaceiSy 
stibtus  pubescentibus,  avbgldbrescentibua,  breviter  petiolatis ;  florSms  mascvlis  axiUaribuSy 
breviter  cymosia^  subsessilibus,  pvbescentibus,  tetramerisy  calyce  campantUato,  ^fdo,  coroUd 
4i'fidd  campantdatd,  staminilms  16,  geminatis,  Jilamentis  dense  pilosis;  fructibus  solitariis, 
siibsesstlibus,  ovoideis,  glabratis,  seminvm  aUmmine  non  ruminato. 

CargiUia  macrocarpa,  VieilL  Hb, 

Young  parts  shortly  densely  and  softly  pubescent.  Branches  dark,  glabrescent  Leaves 
oblong,  acute  or  slightly  acuminate  at  apex,  somewhat  narrowed  at  base  into  petiole, 
alternate,  coriaceous,  dark-cinereous  glabrous  and  shining  above  with  slightly  depressed 
midrib,  paler  appressedly  pubescent  and  sub-glabrescent  beneath  with  duller  veins;  margins 
more  or  less  undulated ;  2 — 5  in,   long  (besides  petiole  ^^^j — J  in.  long)  by  | — If  in.  wide. 

<5.  Cymes  axillary,  short,  bearing  about  3 — 6  subsessile  flowers,  about  equalling  the 
petiole,  softly  pubescent,  subferruginous ;  common  peduncle  in  bud  about  -j^  iii.  long.  Bracts 
minute.  Flower-bud  ovoid,  about  ^  in.  long,  scarcely  exceeding  the  calyx.  Calyx  cam- 
panulate,  erect,  4-fid,  with  deltoid  acute  lobes;  glabrous  except  near  margin  and  shining 
inside.  Corolla  4-fid,  with  rounded  or  mucronate  sinistrorsely  imbricated  lobes;  hairy 
outside,  glabrous  insida  Stamens  16  in  8  pairs,  the  pairs  arranged  in  one  row ;  filaments 
short,  dilated  and  united  in  pairs  at  the  base  and  (in  young  state)  almost  forming  a  short 
tube  at  base  of  corolla,  densely  setose-pilose  especially  the  outer  ones;  anthers  lanceolate- 
linear  apiculate  comparatively  glabrous,  but  the  outer  ones  surrounded  by  the  dense  long 
hairs  of  the  filaments.     Ovary  rudimentary,  small,  pubescent,  surmounted  by  2  styles. 

9 .  Fruit  solitary,  subsessile,  ovoid,  glabrate,  about  1 J  in.  high  by  1  in.  thick  or  more, 
apparently  4-celled,  fleshy,  with  rather  thin  pericarp.  Bracts  caducous.  Fruiting  calyx  flat, 
4-fid,  I — i  in.  across,  shortly  sub-pubescent  outside,  pubescent  inside ;  lobes  widely  ovate, 
obtuse  or  mucronate.    Seed  rather  more  than  1  in.  long,  oblong,  albumen  not  ruminated. 

New  Caledonia,  Balade,  Wagap,  VieiUard!  n.  890;  Pancherl  n.  251. 
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123.      DiOSPYEOS  PERFORATA,  sp.  nov, 

D.  glahra,  foUis  ovaU-oblongts,  aUemis,  apice  acvminatis,  hasi  angustatis,  Jirmiter  mem- 
Iranaceis,  perforato-purhctdtis,  breviter  petiolatiSf  nervis  patentibus;  floribua  mascvlia  aggregatis, 
svhsessiUbua,  pvbescentibusy  campamUatiSj  calyce  profwnde  4^fidOy  coroUd  urceolatd  (?),  4t'fidd,  lobis 
latis,  staminibvs  16,  geminatis,  receptacuh  insertis,  interioribus  bremyribus,  cmtheris  hispidis, 
JUamentia  supeme  hispidis  inferae  gldbris,  ovario  0,  receptaculo  leviter  hispido. 

Glabrous  except  the  inflorescence  and  buds;  branches  cinereous,  longitudinally  wrinkled. 
Leaves  alternate,  oval-oblong,  acuminate,  narrowed  at  base,  firmly  membranous,  scattered  with 
small  dark  glands  especially  alongside  the  midrib  beneath,  in  places  perforated,  6 — 7^  in.  long 
by  If — 2 J  in.  wide,  dark  and  shining  above  with  depressed  patent  lateral  veins,  pale  brown 
beneath  with  rather  distinctly  marked  lateral  veins;  petioles  channelled  above,  ^in.  long. 

^.  Flowers  clustered,  subsessile,  few  or  several  together  on  axillary  or  lateral  nodules, 
tawny-pubescent,  in  bud  about  ^in.  long;  bracts  small,  imbricated,  on  very  short  pedicels, 
dark-cinereous;  caljrx  deeply  4-fid,  lobes  deltoid,  glabrous  inside;  coroUa  urceolate (?), 4-fid, 
glabrous  inside,  appressedly  silky  outside,  contorted  sinistrorsely  in  aestivation,  4-fid,  slightly 
exceeding  the  calyx,  lobes  rounded;  stamens  16,  united  by  their  filaments  in  8  pairs,  inner 
ones  rather  shorter,  anthers  longer  than  the  filaments,  with  hairs  on  the  back  and  front 
especially  on  the  back  of  the  outer  ones  and  on  the  front  of  the  inner  ones,  connective 
apiculate,  filaments  with  spreading  hairs  above,  glabrous  beneath;  ovary  0  or  minute,  repre- 
sented by  a  few  short  hcdrs  on  the  receptacle. 

Ceram  Island,  Moluccas,  De  Vriesef  1857 — 61. 

124.    DioSPYROS  OBLONGA,  Wall.  List  n.  4124  (1828—32). 

2).  foliis  obUmgis,  aUemis,  apice  breviter  cumminatis,  bad  obtims,  atibcoriaceis,  gldbris, 
petiolatis;  floribus  femineis  1 — 3-ww,  bremssime  cymosis,  confertist  perUameris,  calyce  profwnde 
lobato,  hispidis,  lobis  undulatis  basi  auriculatis,  coroUd  calycem  cequarUe,  camosdf  ovario 
ferrugineo-pubescente,  lO-loculari;  fructlbus  suhglobosis,  siibglahratis,  seminum  aJbumine  non 
rumina/to. 

Alph.  DC.  Prodr.  viil.  p.  228.  n.  26  (1844) ;  G.  Don,  Gen.  Syst  Gard.  and  Bot.  iv.  p.  40 
(1837)  excl.  synon. 

A  tree  or  shrub;  branches ,  terete  or  warty,  glabrous,  puberulous  at  the  extremities, 
dark.  Leaves  oblong,  subcoriaceous,  alternate,  rounded  near  base,  glabrous,  shortly  acu- 
minate at  apex,  5 — 9 J  in.  long  by  2 — 4  in.  wide,  with  petioles  ^ — Jin.  long;  midrib  strong 
and  lateral  veins  numerous  clear  parallel  and  spreading,  both  depressed  on  upper  surfaca 

9.  Rowers  crowded,  subsessile  or  in  very  short  1 — 3-flowered  cymes,  on  short  young 
shoots  or  axillary,  pentamerous.  Calyx  covered  on  both  sides  with  a  mixture  of  black  and 
ferruginous  short  hairs,  ^in.  long,  deeply  5-lobed,  rather  crass;  lobes  erect-patent  with 
wavy  margins  auricled  at  base.  Corolla  6-lobed,  ferruginous-haiiy  outside,  glabrous  inside, 
fleshy,  not  exceeding  the  calyx  (in  bud),  Staminodes  5,  glabrous.  Ovary  10-celled,  ferruginous- 
hairy;  cells  1-ovuled.  Fruit  subglobose,  nearly  glabrate,  Jin.  long;  suirounded  at  base  by 
blackish  hispid  calyx  fin.  across  with  appressed  or  somewhat  spreading  lobes  having  wavy 
margins  and  auricled  pouting  bases;   albumen  homy,  not  ruminated. 

Penang,  WaUich/  n.  4124;   Singapore,  Maingay!  n.  967. 

31—2 
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126.    DiosPYBOS  Ebenaster,  Retz.  Obs.  Bot.,  fasc.  v.,  p.  31  (1789), 

D.  glabra,  foliia  attemis,  eUipticis  vd  dbhngia,  apice  plerisque  oUusts,  bast  angustatisr 
Jirmiter  mernhrofnaceUj  nitidis^  petiolatis ;  floribus  4 — G-meris,  pabeacentibus,  axiUarihiiS' 
polyganUs,  pedunculia  brevibus  unifloris  vd  masculis  pluriflorUf  calyce  4i — S-fido,  lob%8  avaiis 
margine  revohUis^  coroUd  urceolatd^  apice  Uibatd^  staminibua  8 — 20,  leviter  pubescentibue, 
ovario  pubeacentey  4 — lO-locuiari;  fruct%bu8  magnis  edtdibtta,  4 — lO-spermis,  albumtne  non 
ruminato. 

Alph.  DC.  Prodr.  vm.  p.  235.  n.  64  (1844) ;  non  Spacli ;  nee  D.  Hebenaster^  Gaertn. 
Fruct.  et  Sem.  PL  n.  p.  478.  t.  179.  f.  9  (1791). 

2).  digyna,  Jaoq.  Hort.  Schoenbr.  voL  lir.  p.  35.  t.  313  (1798);  Alph.  DC.  Ic.  p.  238.  n. 
80;  non  Hort 

J),  revoluta,  Poir.  in  Encycl.  Meth.  V.  p.  435,  n.  18  (1804);  Alph.  DC.  Ic.  p.  284.  n.  60. 

2).  obtusifolia,  Humb.  et  Bonpl.  ex  Willi  Sp.  PL  IT.  p.  1112  (1805) ;  Humb.  BonpL  et 
jCunth,  Nov.  Gen.  et  Sp.  PL  iii.  p.  253.  t.  247  (1818);  Alph.  DC.  Lc.  p.  227.  n.  24 ;  non  Bert. 

D.  Sapota,  Roxb.  Hort.  Beng.  p.  40  (1814),  Fl.  Ind.  edit.  1832,  voL  il.  p.  535;  Bot  Mag. 
LXix.  t.  8988  (1843);  Alph.  DC.  Ic.  p.  228.  n.  25. 

D.  sapotanigra,  DC-  Ess.  Prop.  Med.  PL  p.  200  (1816). 

D.  edvlia,  Lodd.  ex  Sweet,  Hort.  Brit.  p.  270  (1827);  Alph.  DC.  Ic.  p.  23^.  n,  90. 

jD.  decandra,  Boj.  Hort.  Maurit  p.  200  (1837),  non  Lour. 

Sapota  nigra,  Blanco,  FL  Filip.  p.  409  (1837). 

D.  membra/Micea,  Alph.  DC.  1  I.  c.  p.  227.  n.  20  (1844). 

D.  nigra,  Blanco,  FL  Filip.  edit.  iL  p.  211  (1845). 

D.  laurifolia,  A.  Bich.  FL  Cub.  in  Ramon  de  la  Sagra,  Hist,  de  Cuba,  vol.  XL  p.  86.  t.  55 
(1845—55),  ex  Walp.  Ann.  Bot.  v.  p.  480  (1858). 

D.  bra^liensia,  Mart.  Fl.  Bras.  Yil.  p.  5.  t.  2.  f.  2  (1856). 

Hebenaster,  Rumph.  Amb.  ni.  lib.  iv.  p.  13.  t.  6  (1750). 

SapoUe  Negro,  Sonnerat,  Voy.  k  la  Nouv.  Guin.  p.  45.  it  14 — 16  (1776). 

A  tall  shrub  or  even  lofty  tree,  quite  glabrous  except  the  inflorescence ;  branches  dark. 
Leaves  alternate,  elliptical  or  oblong,  usually  obtuse  at  apex,  somewhat  narrowed  at  base,  firmly 
membranous,  shining,  evergreen,  3 — 12  in.  long  by  IJ — 3 J  in.  wide;  midrib  depressed  above; 
net-veins  not  conspicuous;  petioles  ranging  up  to  Jin.  long.  Flowers  polygamous,  4 — 6- 
merous,  J — lin.  long,  pubescent;  peduncles  axillary,  pubescent,  solitary,  those  producing 
male  flowers  with  several  flowers,  those  with  hermaphrodite  or  female  flowers  1-flowered, 
I — }  in.  long,  bracteate.  Calyx  ample,  i — J  in.  long,  somewhat  hairy  on  both  sides,  4 — 6-fid, 
lobes  ovate,  with  revolute  margins  and  sinuses.  Corolla  urceolate,  twice  the  length  of  the 
calyx,  yellowish  white  or  greenish,  thick  and  fleshy,  4 — 6-lobed  at  apex,  silky  or  nearly 
glabrescent.  Stamens  8 — 20,  slightly  hairy,  often  some  or  all  in  pairs;  filaments  some- 
what pilose.  Styles  2 — 5;  ovary  pubescent,  4 — 10-celled.  Fruit  globose,  1| — 4  in.  in  dia- 
ioaeter,  glabrous,  shining,-  of  olive  yellowish-green  colour  when  ripe,  filled  with  a  dark  soft 
and  paste-like  pulp,  edible;  towards  the  centre  of  the  pulp  are  4 — 10  cells,  each  con- 
taining a  laige  oval  compressed  seed;  albumen  cartilaginous,  -  not  ruminated.  Fruiting 
calyx  spreading,  much  thickened  in  middle,  5 — 6-fid,  1 — 1^  in.  in  diameter  or  less,  puberulous 
on  both  sides,  lobes  undulated.^    Fruitiug  peduncles  about  ^in.  long. 
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Local  names,  Faux  Magostan  in  Mauritius,  Lolin  in  Amboina,  SapoUe  negro^  &c. 

Philippine  Islands,  Sownerat,  Blanco,  flowers  in  July;  Celebes,  Jacguin;  Amboina,  Bumf» 
Cultirated  in  Mauritias,  at  Calcutta,  and  Malacca,  Maingay!  976 ;  introduced  into  England 
and  France  &c.,  where  it  requires  a  hot-house  for  protection.  Occurs  also  in  cultivated 
places  in  tropical  America,  perhaps  introduced;  Mexico,  Orizaba,  BoUeril  909;  Vera  Cruz, 
OaleoUi/  4609  (2000ft.  alt.);  Cuemavaca,  Humboldt  and  Bonpland!  3984  (5000  ft  alt.); 
Lizardo,  Wawral  249;  Miradon,  Wawra!  1029;  Brazil,  Rio  Janeiro,  SohoU  amd  PoUI 
4568;   Cuba,  Richard;  Montserrat,  jByan/  ex  Hb.  Yahl. 

Blanco  he  cit.  states  that  the  tree  in  the  Philippine  Islands  grows  to  a  height  of 
24 — 30  feet  and  is  carefully  cultivated  as  well  as  indigenous.  He  says  that  the  flesh  of 
the  fruit  is  blackish,  and  although  it  is  eaten  the  taste  is  not  well  flavoured,  that  the 
leaves  have  caustic  properties,  and  that  the  unripe  fruit  is  reported  to  poison  fish.  An 
evergreen  tree  SO — ^50  ft. ,  high  with  light  even-grained  wood  grown  at  Cordova,  Mexico, 
and  called  ZapotiUoy  probably  belongs  to  this  species;  a  specimen  exists  in  the  Eew  Museum. 
The  type  of  this  species  cannot  be  found  in  Betz  herbarium  at  Lund  in  Sweden. 

126.    DiosPTKOS  SAMOENSis,  A  Gray  in  Amer.  Acad.  v.  p.  326  (1862). 

jD.  foliia  altemis,  ovali-  vd  ovato-oblongis,  apice  obtuse  angustatia,  basi  anguatatis,  coria^ceia, 
ghbrisy  petiolatia;  floribus  masculis  3 — d-nis,  tetrameris,  pubescentibua,  calyce  campanulatOy 
iffido,  lobU  obtusia,  coroUA  campamdatd  breviy  ^fidd^  labia  obtuaia ;  ataminibu^  8 — 10,  glabria; 
floribua  femineia  aolitariia,  petiolatiay  ovario  hiratUOy  S-loculari;  fructibua  globoaia  glahria^ 
oodycia  fructiferi  aucti  tubo  concavo  depreaao-cupuliformiy  intua  margine  devato;  aeminum  albu* 
min/a  non  ruminato. 

Branches  glabrous  or  young  ones  scarcely  puberulous.  Leaves  alternate,  glabrous,  oval 
or  ovate-oblong,  coriaceous,  obtusely  narrowed  at  apex,  somewhat  narrowed  at  base,  3 — 6  in.  long 
by  1^ — 3 in.  wide;  midrib  depressed  above;  lateral  and  net-veins  raised,  slender;  petioles 
t— f  in.  long. 

i .  Peduncles  3 — ^9-flowered ;  flowers  tetramerous,  I — J  in.  long,  ovoid  in  bud.  Calyx  cam- 
pan  ulate,  Jin.  long,  shortly  puberulous,  4-fid;  corolla  silky  outside,  4-fid;  stamens  8 — 10, 
glabrous,  unequal,  some  in  pairs. 

9 .  Calyx-lobes  rounded ;  calyx  about  equalling  the  corolla ;  peduncles  solitary,  i — J  in.  long, 
puberulous,  1-flowered,  equalling  the  flower;  ovary  hairy,  8-celled;  fruit  globose,  | — IJin.  in 
diameter,  glabrous ;  fruiting  calyx-tube  flat  or  cupuliform  with  a  raised  border  receiving  the 
base  of  the  fruit,  and  with  4  obtuse  spreading  or  recurved  lobes,  glabrous,  about  |  in.  wide ;  seeds 
I — Jin.  long,  closely  packed  together ;  albumen  not  ruminated,  white. 

Navigators'  Islands,  South  Pacific  Exploring  Expedition  ! ;  Friendly  Islands,  W.  H.  Harvey  !, 
(caustic  berry  for  burning  ringworms,  &c.)  "  Tutuna."  The  foliage  and  fruiting  calyx  resemble 
i>.  Ubenuniy  Koenig,  but  the  plant  is  of  a  paler  green  colour  and  the  flowers  shorter. 

According  to  the  Rev.  Thomas  Powell  in  Seemann's  Journal  of  Botany,  vol.  vi.  p.  281  (1868), 
the  wood  of  this  large  tree  is  hard  and  used  for  axe-handles  and  spear-points ;  the  fruit  is  used 
for  poisoning  fish ;  and  the  secretion  of  the  fruit  is  a  vesicatory  and  turns  the  human  skin  black. 
Also  the  Samoan  children  are  said  to  insert  the  midrib  of  the  cocoa-nut  leaflet  into  the  fruit  and 
apply  the  liquid  thus  obtained  to  their  arms  to  produce  blisters  and  eventually  permanent  pro- 
minences which  they  consider  an  ornament.    Mr  Powell  describes  the  flowers  as  hermaphrodite. 
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127.    DiosPYROS  Olen,  sp.  nov. 

D.  glabra,  jvliia  aUemis,  ovaUbus,  apice  breviter  ohtuseqae  acvminatis,  hasi  cimeatU,  coriaceis, 
nitidis,  tUrinque  delicate  reticulatis,  breviter  petiolatis;  floribua  femineia  solitariiSf  breviter  pedun- 
culatis,  axillaribus,  bradeoMa,  4-  rariits  S-meris,  calyce  subglabro  projunde  lobato,  Icbis  late  ovatis 
acuminatis  basi  cordatU,  tubo  intua  margine  elevato,  caroUd  4 — S-fidd,  lobis  acutie,  etaminodiis 
^> — 6,  gUibris,  ovario  svpeme  pvheacente,  in/erne  glabra,  S4oculari. 

Dark-cinereous,  and  except  the  inflorescence  glabrous.  Leaves  oval,  alternate,  coriaceous, 
narrowed  at  base  and  usually  with  a  short  obtuse  acumen  at  apex,  of  the  same  cinereous  colour 
on  both  sides,  somewhat  shining  on  upper  surface,  with  midrib  depressed  on  upper  side  and  net- 
Veins  delicately  raised  on  both  sides,  2^ — 4  in.  long  by  1 — 1 J  in.  wide ;  petioles  ^5 — ^  in.  long. 

9 .  Peduncles  solitary,  1-flowered,  axillary,  J — i  in.  long,  patent,  pubescent,  bearing  caducous 
patent  lanceolate  alternate  bracts.  Flowers  usually  tetramerous,  rarely  trimerous.  Calyx 
about  1  in.  across  when  spreading,  deeply  lobed,  very  nearly  glabrous ;  lobes  widely  ovate 
acuminate,  widened  and  cordate  at  base,  ^ — |  in.  long,  spreading  or  reflexed,  with  numerous 
parallel  slight  longitudinal  veins ;  tube  with  raised  internal  hairy  border  at  top.  Corolla  about 
^  in.  high,  glabrous  in  upper  part,  puberulous  at  least  in  places  beneath,  3 — li-fid,  conical  above 
in  bud ;  lobes  acute  arching  in  flower  outwards ;  tube  urceolate  in  flower.  Staminodes  inserted 
on  corolla,  glabrous,  about  6  (in  a  trimerous  flower)  or  wanting  ^in  a  tetramerous  one).  Ovary 
glabrous  beneath,  pubescent  and  suddenly  narrowed  towards  apex ;  terminating  in  a  short  4-fid 
style  glabrous  at  apex ;  ovary  8-celled ;  cells  1-ovuled. 

Indigenous  name  OUn.    I.  Lifii,  Deplanche/  No.  31. 

128.    DioSPYROS  Cargillia,  F.  Muell.  AustraL  Veg.  in  Intercolonial  Exhibition  Essays, 

1866— 67,  p.  35  (1867). 

D.  foliia  aUemia,  ovalibus  vel  oblongis,  apice  obtimSj  boM  cimeatis,  coriaceia,  glabrist 
pattidia,  breviter  petiolatia,  nervia  aubtua  inconapicma;  floribua  maaculia  breviter  cymoaia,  pubea* 
oentibaa,  tetrameria,  aadUarilma,  campanvlatia;  calyce  it-fido,  labia  dekoideia,  coraUce  labia  obtuaia, 
ataminibua  aaspiua  16,  glabria,  geminatia,  coroUce  baai  inaertia;  floribua  femineia  1 — S-nia,  bre- 
viaaime  cymoaia,  aariUaribua  tetrameria;  ataminodiia  8,  tmi-aerioMbua,  glabria,  coroWe  Ixiai 
inaertia;  ovario  avaideo,  pubeacente,  4floculari,  locuLia  bi-ovulatia;  fructibua  glabroHa,  ovoideia 
vd  globoaia,  l-apermiaf  dUmmine  nan  ruminato. 

Annona  microcarpa,  Jacq.  Fragm.  Bot  p.  40.  t  44.  f.  7  (1800 — 1809). 

Monodora  microcarpa,  Dunal,  Monogr.  Anon.  p.  80  (1817).  Cfr.  Brown  in  Tuckey, 
Congo,  p.  475  (1818). 

Cargillia  auatraiia,  R.  Br.  Prodr.  Fl.  Nov.  HolL  et  Ins.  Van-Diem.  p.  527.  n.  2  (1810) ; 
Alph.  DC.  Prodr.  vni.  p.  243.  n.  1  (1844);  Bot.  Mag.  t.  3274  (1833);  Ettingsh.  Blatt-skeL 
Dikot.  p.  90.  t.  35.  f.  6  (1861) ;  Benth.  Fl.  Austral,  rv.  p.  288,  n.  3  (1869);  F.  Muell.  Fragm.  iv. 
p.  82  (1864). 

Maha  CargiUia,  F.  Muell.  Fragm.  v.  p.  162  (1866). 

This  species  is  cited  on  pages  30,  31,  S6>  46|  54  by  the  name  of  Dioapyraa 
auatraiia. 
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A  large  shrub  or  tree  20 — 40  or  even  100  feet  high,  glabrous,  or  the  young  parts 
and  inflorescence  with  short  hairs;  trunk  sometimes  2  feet  in  diameter.  Leaves  oblong  or 
oval,  alternate,  coriaceous,  obtuse  at  apex,  more  or  less  narrowed  at  base,  palish  green 
especially  beneath,  IJ — ^jjin.  long  by  | — IJin.  wide  including  petiole  I — Jin.  long;  mid- 
rib flattish  depressed  above;  lateral  and  net-veins  in  relief  and  not  conspicuous;  frequently 
with  small  black  spots  arranged  in  a  row  on  each  side  of  midrib  beneath.  Flowers  dicB- 
cious,  tetramerous  (or  rarely  trimerous  ?). 

^.  Flowers  several  together  arranged  on  short  axillary  pubescent  drooping  cymes 
which  without  the  flowers  measure  ^ — ^in.  long;  calyx  -^  in.  high,  covered  with  pale  ap* 
pressed  short  hispid  hairs,  shortly  lobed,  campanulate,  with  deltoid  lobes;  corolla  Jin.  long, 
deeply  lobed,  covered  outside  with  pale  short  hairs,  glabrous  inside,  ovoid  in  bud,  campa- 
nulate in  open  flower;  lobes  erect  or  recurved  at  apex,  obtuse;  stamens  12 — 16,  usually 
16,  in  pairs^  glabrous,  inserted  at  base  of  corolla;  anthers  longer  than  the  filaments,  lan- 
ceolate linear,  dehiscing  by  lateral  slits  near  apex ;  ovary  rudimentary,  hairy. 

9 .  Flowers  1 — S  together,  J  in.  long,  on  very  short  cymes,  campanulate,  pubescent ; 
calyx  -ft^in.  high  by  Jin.  thick,  4-fid;  corolla  deeply  4 -lobed,  lobes  obtuse;  staminodes  8,  in 
one  row,  inserted  at  base  of  corolla,  glabrous,  with  lateral  slits ;  ovary  ovoid,  hairy,  4-celled ; 
cells  often  with  2  ovules,  without  any  trace  of  a  dissepiment  between  them,  alternate  with 
the  calycine  lobes;  style  hairy,  2-lobed  at  apex;  stigma  2-lobed  and  glabrous.  Fruit  glo- 
bular or  ovoid,  J — fin.  thicks  fuscous  and  glabrescent  when  ripe,  edible,  ultimately  1-celled 
and  1-seeded ;  albumen  of  seed  not  ruminated ;  fruiting  calyx  about  J  in«  high,  cup-shaped, 
shortly  puberulous  or  nearly  glabrous.  Fruit  called  Chrey  plums.  Slender-growing  tree,  with 
elongated  trunk  and  elegant  rigid  foliage.    Wood  close,  very  tough  and  firm. 

In  the  forest  regions  towards  the  coast  through  New  South  Wales  and  Queensland. 
Australia,  ffilgeH;  Queensland,  Brisbane  River,  Moreton  Bay,  F.  Mueller;  Rockhampton, 
Dalhchy! ;  Crocodile  Creek,  Bowrrum;  New  South  Wales,  Port  Jackson  to  the  Blue  Mountains, 
R,  Brown!,  F.  Mueller/ ;  Berrima  and  Richmond  River,  G.  Moore;  Hastings  and  Mackay 
'RWers,  Beckler ! ;  llhkWBjrra^  A.  Cunningham! ;  Sydnej,  Bynoe ! ;  Sydney  woods,  Paris  Exhibition 
No.  20,  Jf .  Macarthur !;  New  South  Wales,  Kiama,  W.  R  Harvey  /;  Cabramatta  River,  W.  WooUs. 

129.    DiosPYEOS  MalacaI>ai,  Alph,  DC.  Prodr.  vin.  p.  237.  n.  75  (1844). 

D.  foliis  aUemis,  ovaiibus,  gUrndtdis  eparsis;  floribm  axiUarSms,  1 — 3-nw,  calyce  4-Zo6o, 
haccd  globosd,  4e-loculari,  loculie  i-spemiis, 

A  small  tree  having  yellow  wood,  with  some  black  spots ;  said  to  keep  off  bags  when  fresh. 
Leaves  alternate,  oval,  with  some  scattered  glands  especially  at  the  end.  Flowers  axillary,  1 — 3 
together;  calyx  4-lobed;  fruit  baccate,  globose,  4-celled;  cells  2-ovuled. 

Local  name  Malacapai  (Blanco,  FL  Filipin.  p.  802,  1837) ;  Tagatog,  Philippine  Islands, 
Blanco. 

130.    DiosPTEOS  SPINOSA,  sp.  nov. 

D.  spinosOf  foliie  aUemis,  ovalibus,  apice  a^cuminatis  vel  obtusiuscuiis,  basi  rotundatis  vel 
mibcordatis,  junioribus  subtus  pubescmtibus ;    margins  revolutis,   breviter  petiolaiis;  floribus 
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masctJis  hrevissime  cymosis,  parvis,  tetrameris,  cdlyce  hemiqfhcertco,  coroUd  profwnde  4M>d, 
staminibua  16,  gldbris,  ovarii  rudimento  glabra. 

Dull,  spinous ;  young  parts  and  inflorescence  ferruginously  tomentose-pubescent ;  branches 
terete.  Leaves  alternate,  coriaceous,  oval,  acuminate  or  >  pointed  at  apex,  rounded  or  sub- 
cordate  at  base,  "with  whitish  loose  hairs  beneath  when  young,  subglabrescent,  dark  green  above, 
browner  beneath,  1^ — 3  in.  long  by  | — IJ  in.  wide;  margins  reciurved;  petioles  ^  in.  long, 
pubescent,  terete. 

i .  Inflorescence  arranged  in  very  short  axillary  cymes  on  the  young  branches ;  flower? 
^  in.  long  (in  bud),  subglobose,  tetramerous.  Calyx  about  half  the  length  of  the  flower,  hemi- 
spherical, appressedly  hairy  outside,  glabrous  inside,  deeply  4-fid ;  lobes  rounded,  sinistrorsely 
contorted  in  bud.  Corolla  subglobose,  glabrous  except  4  hairy  lines  outside  along  middle  of 
lobes,  deeply  4-lobed ;  lobes  rounded,  sinistrorsely  contorted  in  aestivation.  Stamens  16,  glabrous, 
subequal  (?),  in  two  rows  (?),  distinct,  inserted  at  or  near  base  of  corolla ;  anthers  lanceolate 
acute,  longer  than  the  filaments,  dehiscing  laterally  from  the  apex;  ovary  rudimentary, 
glabrous. 

Brazil,  Mattiua!    Herb.  Beg.  Monac.,  Ebenacen  n.  144, 


131.    DiosFTBOS  OVALIS,  sp.  nov. 

D.  fruticosOy  foliia  aUemia,  ovaltfms,  utrinque  rotimdatis,  apice  mttcronaiis,  hasi  subcorda' 
Us  J  suprd  ghbris  nitidis,  svbtus  viUosis,  subcoriaceis,  breniter  petiolatis;  floribus  masculis 
breviter  cymosia,  tetrameris,  proftmde  Mxxtia,  caroUof  labia  obavaitis  patentibus^  itaminibiu  circi^ 
ter  20,  glabria. 

A  shrub,  2 — 3  feet  high.  Young  parts  underside  of  leaves  and  inflorescence  and  especially 
the  buds  subferruginous-pubescent.  Branches  terete,  glabrescent  and  nitescent,  numerous. 
Leaves  (of  the  shoots  of  the  current  season)  oval,  alternate,  subcoriaceous^  mucronate  at  apex, 
subcordate  at  base,  dark  shining  and  glabrous  above  except  depression  of  midrib,  without 
conspicuous  veins,  shaggy  underneath  with  ciliated  margins,  about  1  in.  long  by  } — }  in.  wide ; 
petioles  about  ^  in.  long,  pubescent. 

i.  Inflorescence  at  the  base  of  the  shoots  of  the  current  season,  cymose,  with  few  or 
several  flowers  rather  loosely  arranged;  cymes  (excluding  the  flowers)  } — |in.  long;  pedicels 
about  I  in.  long;  bracts  oval,  densely  pubescent  Flowen  ^  in.  long,  tetramerous,  green. 
Calyx  ^  in.  long,  partite  with  lanceolate  erect-patent  lobes,  pubescent  on  both  sides.  Corolla 
}  in.  high  (^  in.  long  when  straightened),  glabrous  except  4  lines  of  hairs  outside ;  lobes  -^in. 
deep,  obovate,  erect-patent  and  recurved  at  apex.  Stamens  20  (18 — 20  ex  Benth.  MS.  in  Hb, 
Cantab.),  equal,  glabrous;  anthers  linear;  filaments  short,  united  almost  in  a  short  tube. 
Ovary  rudimentary,  glabrous  (?),  minute. 

Brazili  PemambucO|  sandy  open  places.  Bio  Freto,  September,     Gardner  I    2813. 
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132.    DiosHPtROS  HISPIDA,  Alph.  DC.  Prodr.  viil  p.  236.  n.  68  (1844). 

2>.  foliU  aUenm^  ovaUbus  ffd  ovdli-Mongis^  apioe  cuspidatis  vd  ncnminaUs,  ban  iCBpiua 
obturie,  suboariaceis,  subtua  ferrugineo'hispidis,  breviter  petiolatis;  floribui  mascuUs  2 — it-nis^ 
brevit&r  ctfmasis,  4!-7fieri9,  calyce  htspido,  4i'partiio,  lobia  lanceolatiSy  coroUd  profumds  lobatd^ 
lobis  oUongis^  gtanunibua  18 — 24,  subctqualibus,  gldbris,  ovarii  rudimento  pvbescente;  floribua 
femineia  4 — B-merie;  /ructibus  solitariia,  globosis,  dense  ferrugineo-hispidia,  camosisy  84oculan 
ribua;  calyce  frucHfero  4 — S-partito^  patentep  lobis  lanceolatis. 

Miq.  in  Mart  FL  Bias.  vit.  (Eben.)  p.  4.  n.  2  (1856). 

An  arborescent  shrub  or  tree,  10 — 30  feet  high,  with  shoots  underside  of  leaves  and 
inflorescence  ferruginous-hispid;  branches  spreading.  Leaves  oval  or  oval-oblong,  cuspidate 
or  acuminate,  usually  obtuse  at  base  sometimes  narrowed  or  in  ^  subcordate,  subcoriaceous, 
alternate,  2 — 5  in.  long  by  1 — 2^  in.  wide,  darker  and  pubescent- velutinous  above ;  petioles 
i— f  in.  long,  hairy. 

6 .  Flowers  f  in.  long,  in  2 — 4-flowered  distant  or  usually  contiguous  cymes  (i — |  in. 
long);  pedicels  -^q — I  in.  long.  Calyx  | — |  in.  long,  ferruginous-hispid  on  both  sides,  4-partite, 
with  lanceolate  lobes.  Corolla  green,  deeply  4-lobed,  pubescent  along  longitudiaal  stripes  ;  lobes 
oblong,  somewhat  narrowed  at  apex*  Stamens  18 — 24,  subequal,  some  or  all  in  pairs,  glabn>u8; 
lathers  linear;  filaments  short    Ovary  rudimentary,  globose,  hairy. 

9.  Flowers  few  together,  in  short  cymes,  tetramerous  or  pentameroos.  Fruit  solitary, 
on  pedicels  -f^ — ^  in.  long,  densely  ferruginous-hispid,  globose,  pointed  at  apex,  about  1  in. 
in  diameter,  fleshy,  8-celled,  8-seeded.  Fruiting  calyx  4 — 5-partite,  spreading,  1|  in.  across ; 
lobes  lanceolate.    Seeds  8,  oblong,  compressed,  I  in.  long. 

Brazil,  between  Goiav^ira  and  Corrego  de  Jeragui,  Burchell!  7437,  ^  fl.  Aug.,  tree 
20—30  ft.  high,  corolla  green ;  between  C6rrego-f&ndo  and  P6rto-ReiU,  Burchell  I  8396,  in 
young  firuit,  November,  tree  20  ft  high;  Goziz,  10  ft  hig^,  BuroheU!  6994;  Minas  Geraes, 
Clauueen!  478. 

133.    DiosPYROS  GouDOTii,  sp.  nov. 

J),  foliis  aitemiB,  ovato-oblongiet  apice  acuminatisy  bast  subcordatis^  subseeailibtii,  eub- 
membranaceis,  suprA  glairescentibua,  subtus  pubendis;  fructibue  globosis,  BoKtariis,  axUlaribus, 
pedunculatis,  papiUoso^errucosis,  pUis  aspersiSf  calyce  patente,  b-lobo,  non  OMcto. 

Toung  parts  tawny-  or  ferruginous-pubescent;  shoots  terete,  puberulous,  gkbrescent 
Leaves  alternate,  ovate-oblong,  widest  near  the  middle,  submembranous,  acuminate  at  apex, 
subcordate  at  base,  subsessile,  glabrescent  and  dark  green  above  with  conspicuously  de- 
pressed veins»  puberulous  and  reddish  brown  below  at  least  on  vems,  6 — 10  in.  long  by 
2 — 4 in.  wide;  petioles  I — ^  in.  long,  ferruginous-pubescent  Fruit  globose  about  1  in.  in 
diameter,  scattered  with  pilose  hairs,  ferruginous-pilose  at  apex  where  is  base  of  broken 
style;  papillose-verruoose.  Fruiting  calyx  not  accrescent,  hairy  on  both  sides,  spreading, 
}  in.  across,  with  5  ovate  or  lanceolate  lobes  i — I  in.  long.  Fruiting  peduncle  | — |  in.  long, 
ferruginous  hispid-pubescent,  thick^  erect-patent,  axillary,  solitary,  1-fruited ;  bracts  at  base 
of  peduncle,  ovate,  imbricated,  caducous,  ranging  up  to  ^  in.  long. 

New  Granada,  Mubo,  Ooudot  I  No.  8. 

Vol.  XIL  Paet  L  32 
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134.    DiosPYBOS  GAULTHERi^FOLU,  Mart.  FL  Bras.  vn.  (Eben.)  p.  5.  n.  5.  t  2.  f.  1  (1856). 

D,  foliia  distichis,  oblongia,  apice  obtvsis,  basi  subcordatis,  teiiuiter  coriaceia,  subtus 
prcesertim  aecus  nervos  ferrugineo-hispidis,  breviter  petiolatis,  marginibua  in  sicco  late  reflexis ; 
floribus  mascuLis  aggregatis,  brevissime  cymosis,  B-meris,  calyce  campanulato,  b-fido,  coroUd 
profwndi  lobatd,  staimnibus  oo  co  pUosts,  Jloribvs  femineis  svisessilibus  aggregatis;  fructihus 
9oKtarii8  vel  binis,  globosis,  apice  abrupte  conids,  setosis,  papiUoso-verrucoais,  albumine  non 
ruminato. 

A  shrub  or  small  tree  12 — 14  feet  high;  with  rufous-hairy  terete  branches,  spreading 
at  60^  glabrescent.  Leaves  oblong,  distichous,  obtusely  lanceolate  at  apex,  subcordate  at 
base,  thinly  coriaceous,  margins  widely  r^flexed  in  the  dry  state ;  dark  shining  and  glabrous 
except  the  midrib,  with  depressed  veins  above;  ferruginous-hispid  especially  on  the  veins 
beneath;  2 — 6 J  in.  long  by  1 — 2  in.  wide;  petioles  -j^  in.  long. 

i.  Flowers  clustered  in  axils  of  leaves;  cymes  short,  with  oblong  br^ts  glabrous  inside, 
•^  in.  long,  pentamerous;  calyx  campanulate,  ferruginous-hairy  on  both  sides,  :$%in.  long, 
lobes  ovate-oblong,  |in.  long;  corolla  glabrous  outside  except  a  few  pilose  hairs  along  5 
longitudinal  lines  outside,  5-sided  in  bud,  deeply  5-lobed;  stamens  45 — 75,  anthers  linear, 
slender,  with  long  scattered  ferruginous  hairs,  filaments  short,  combined  at  base  and  inserted 
at  base  of  corolla  or  on  the  receptacle,  nearly  glabrous ;  ovaiy  0  or  minute. 

i .  Flowers  in  subsessile  clusters.  Fruit  solitary  or  2  together,  globose  but  abruptly 
pointed  at  apex,  with  long  ferruginous  stiff  hairs  that  easily  rub  oS,  papillose-verrucose, 
scarcely  1  in.  long,  pulpy.  Fruiting  peduncle  hairy,  ^  in.  long;  testa  thick;  albumen  not 
ruminated ;  fruiting  calyx  with  (4  or)  5  deep  lanceolate  lobes  hairy  inside,  spreading,  nearly 
1  in.  across. 

Brazil,  Bahia,  Blanchet  1886 ;  common  in  sandy  shrubby  places  near  Ma9eio,  Alagoas; 
February,  1838,  Gardner/  1412,  in  9  fl.  and  fr.  The  anthers  in  the  figure  quoted  above 
are  incorrectly  drawn  as  glabrous  except  the  apex. 

135.      DiOSPYROS  SUBROTATA,   Sp.  nov. 

i>.  foliis  distichis^  ovalibus,  apice  scepe  acuminaiis,  basi  etibcordatis,  tenuiter  coriaceia, 
breviter  petiolatia,  coatd  excepid  glabreacentibua ;  floribua  maaculia  cuciUaribtLa,  cymoaia,  5 — 6- 
meria,  calyce  aperte  campanulato^  corolld  partitd^  avhrotatd^  lobia  obtuaia  patentibua,  atamini- 
bua  cirdter  20,  antheria  piloaia,  linearibtia;  floribua  femineia  *u6-6-7iw,  fructibua  pvheacentibua. 

A  shrub  of  8  feet  high,  or  a  small  tree  of  18 — 30  feet ;  young  parts  with  pale  appressed 
pubescence,  glabrescent  except  the  midrib  of  leaves  and  inflorescence.  Leaves  oval-  or  ovate- 
oblong,  subcordate  at  base,  more  or  less  acuminate  at  apex,  thinly  coriaceous,  with  midrib 
depressed  on  upper  side,  distichous,  with  margins  slightly  reflexed,  3 — 7  in.  long  by  1^ — 
3  in.  wide ;  petioles  ^^j — J  in.  long. 

S .  Inflorescence  axillary,  cymose,  with  several  or  numerous  flowers  and  spreading  pedicels, 
pubescent  with  short  appressed  hairs  ;  cymes  \ — |  in.  long ;  pedicels  ,^j — ^  in.  long  ;  flowers 
pentamerous  or  hexamerous ;  calyx  openly  campanulate,  with  short  deltoid  lobes,  with  short 
appressed  inconspicuous  pubescence,  -^ — \  in.  long;  corolla  subrotate,  nearly  i^  in.  in  diameter, 
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with  deep  oval  spreading  convex  lobes,  ^  in.  long,  with  longitudinal  stripes  of  appressed  hair 
outside,  glabrous  inside,  rather  thick;  stamens  about  20;  anthers  pilose,  linear;  filaments 
consolidated,  short,  pistil  0. 

9 .  Flowers  about  6  together  in  axillary  cymes.  Fruiting  pedicels  \ — ^  in.  long  or  very 
short  (sessile  ex  Burchell  MSS.) ;  fruit  depresso-subrotund,  4-5-sided,  yellow,  shining,  with 
scattered  appressed  short  hairs,  and  nearly  smooth  skin,  probably  about  lin.  in  diameter; 
fruiting  calyx  |  in.  across  with  acute  deltoid  spreading  lobes  and  short  appressed  hairs  inside. 

Brazil,  at  Para,  BwohMl  9923,  9952,  cT  ^  December;  at  Baiao,  BurcheU!  9275. 
Fruit  in  June. 

136.  DiosPYROS  POLYANDRA,  Spruce  in  Joum.  Proc.  Linn.  Soa  Lond.  V.  p.  7  (1861). 

D.  foliis  distichisy  ovoiUhoblonffis,  aptce  acunUnoHsy  hasi  svbcordatis,  tenuiter  coriaceis, 
subtus  pubescentibus,  brevUer  petiolaUs;  Jloribtia  masculis  axiUaribus^  cymosis,  4 — T-acBpiv^ 
6-meri8,  calyce  hemisphasrico  extus  fulvo-pubesoente,  lobis  a^cutisy  coroUm  lobis  projkindis, 
patentibusy  ataminibua  40 — 50;  antheris  linearibuSy  pilosis,  JUamentis  brevissimis,  baai 
connatis. 

A  tree  18 — 30  ft.  high,  with  a  trunk  9  in.  in  diameter,  and  branches  arranged  in  sub- 
terminal  whorls,  long,  subsimple,  leafy  throughout,  tawny-hairy  at  the  extremities.  Leaves 
ovate-oblong,  acuminate  at  apex,  subcordate  at  base,  3^ — 6  in.  long  by  1^ — 3  in.  wide,  with 
petioles  -^ — Jin.  long,  distichous,  thinly  coriaceous,  with  recurved  edges,  with  scattered 
appressed  pubescence,  glabrescent  above ;  veins  depressed  on  upper  surface  of  leaf. 

i.  Inflorescence  in  axillary  not  very  crowded  cymes  which  without  the  flowers  measure 
about  I  in.  long,  densely  hispid-pubescent,  tawny ;  pedicels  -^ — ^  in.  long ;  bracteoles  de- 
ciduous; flowers  4 — 7-  usually  6-merous,  whJte,  sweet-scented,  about  Jin.  long  and  <ylin- 
dric-conical  in  bud ;  calyx  hemispherical,  about  |  in.  long,  with  short  acute  lobes,  glabrous 
inside,  tawny-hairy  outside ;  corolla  with  oval-oblong  deep  lobes  spreading  in  flower,  glabrous 
inside,  with  longitudinal  stripes  of  hair  outside;  stamens  40 — 50;  anthers  linear,  pilose; 
filaments  very  short,  connate  at  base;  pistil  0. 

Brazil,  south  bank  of  Rio  Negro  at  confluence  with  river  Solimoes,  Spruce!  1528;  fire- 
quent  on  the  banks  of  the  Casiquiare,  Spruce!  3166.  6  flowers  in  May  and  sparingly  in 
November.  According  to  Mr  Spruce,  the  branches  are  arranged  in  whorls  of  five  (very  rarely 
three  or  four). 

137.  DiosPYBOS  coccoLORfiFOLiA,  Mart.  Fl.  Bras.  vii.  (Eben.)  p.  6.  n.  7.  tab.  1.  fig  1  (1856), 

2).  foliia  altemisy  ovalibus,  utrinque  obtusis,  discolaribus,  tenuiter  cariaceie,  atibglabris,  petio* 
latis;  floribue  masculia  breviter  cymosis,  aacHlaribus,  calyce  scepius  4HpartitOy  lobis  ovatis  vel 
lanceolatiSy  pateniibus,  dlicUiSy  coroUd  4 — 'Q-partitd^  lobis  oblongis  patentAus,  staminibm  18 — 24, 
plerisque  gemvnatis,  hirsuiis;  flaribus  femineis  1 — 4i-niSy  4-mem,  staminodiis  4,  ovario  ovoideo^ 
conico,  piloso,  4hlocidari,  loculis  l-owlatis. 

A  small  or  moderate-sized  dioecious  tree,  glabrescent  in  most  parts.  Shoots  and  lower  surface 
of  leaves  pubescent  especially  on  veins  and  margins,  sometimes  glabrous.    Leaves  oval,  thinly 
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coriaceoufi,  or  thickly  membranous,  somewhat  or  scarcely  contracted  and  sometimes  oblique  at 
base,  rounded  obtuse  or  emarginate  at  apex,  with  about  8  lateral  veins  on  each  side  at  about 
60* — ^60*  with  midrib,  alternate,  2 — 4 J  in.  long  by  1 — S\  in.  wide ;  angular  divergence  f ;  net-veins 
pellucid  in  Gardner's  specimen,  not  so  in  Martin's  nor  in  Fohl's ;  bluish  green  above,  browner 
beneath;  hairs  ferruginous;  petioles  I — f\^in.  long,  somewhat  decurrent,  leaving  large  scars 
on  the  branch ;  bracts  transversely  oUong,  glabrous  inside. 

^.  Inflorescence  in  axillary,  tawny-pubescent,  usually  3-flowered  drooping  cymes  r^ — ^in. 
long.  Flowers  J  in.  long,  green.  Calyx  ^j — |in.  high  with  (3  or)  4  lobes,  tawny-hairy  outside;  lobes 
ovate  or  lanceolate,  ciliated,  almost  as  deep  as  the  calyx,  erect-patent.  Corolla  glabrous,  or  with 
hairy  lines  on  back,  with  4 — 6  very  deep  oblong  lobes  much  imbricated  in  the  bud,  erect-patent. 
Stamens  18 — 24,  many  or  all  united  by  their  filaments  in  pairs,  I — \  in.  long,  nearly  equal, 
inserted  at  very  base  of  corolla  (hairy  either  on  the  anthers  or  filaments),  contiguous ;  filaments 
short  and  with  spreading  hairs  (not  so  in  Gardner's  specimen),  anthers  linear-oblong,  glabrous 
(pilose  at  base  in  Gardner's  specimen),  | in.  long;  pollen  widely  ellipsoidal  Ovary  rudimentary, 
fulvo-sericeous,  hemispherical,  small ;  style  0. 

9 .  Inflorescence  and  outside  of  calyx  fulvo-sericeous.  Flowers  axillary,  solitary  or  2 — 4 
together;  peduncles  i — \ul  long,  thick,  solitary  or  2  together,  articulated  to  the  branches. 
Calyx  i  in.  high,  with  4  ovate-acute  lobes.  Corolla  tubular,  4-fid,  twice  the  height  of  the  calyx, 
white,  glabrous.  Staminodes  4,  inserted  at  the  base  af  the  corolla  and  alternate  with  its  lobes, 
filiform,  included,  with  rigid  hairs  at  base,  glabrous  above.  Ovary  ovoid-conical,  covered  with 
shining  erect  hairs,  continuous  with  4  linear  oblong  truncate-obtuse  stigmas^  "apparently  4- 
celled"  with  1  ovule  in  each  cell 

A  fruity  collected  by  Gardner  from  Brazil,  where  it  is  called  Marmaieiro,  and  is  said  to  be 
good  to  eat,  probably  belongs  to  this  species ;  it  is  subglobose,  rugose  in  the  dry  state,  and  nearly 
glabrous,  but  pointed  and  tawny-pubescent  at  apex,  f  in.  thick ;  the  calyx  is  spreading,  slightly 
pubescent,  with  4  deep  ovate-oblong  lobes,  about  ^in.  across. 

Brazil,  Serra  de  Araripe,  Oardner/  1511  (^  fl.  October) ;  in  hot  dry  places  near  the  river 
S.  Francis  in  prov.  Minas,  e.g.  near  Salgado  and  in  the  desert  towards  Yfto  do  Paranan,  $  flowers 
in  August  and  September,  Martiua  !;  near  01iveira»  PM I  455. 


138.    BiosPTROS  Pearcei,  sp.  nov. 

D.  Jbliia  aUemis,  ovat<H>blofigis,  apioe  acumincUis,  basi  dbtusia  vd  rotundatis,  tenuiter  coriaceU, 
stibtus  apprease  pyhescentSms,  petiolatis;  Jloribys  mctscuUa  aggregaUa,  subseasilibus,  acepius  penta- 
meris,  calyce  campanulato,  extua  puhescente,  b-fda,  lobis  deUoidechacfu^^  eorolld  subrotatAt  lobia 
patentibus,  staminibua  circiter  30,  receptacuio  insertis,  antheris  linearibue,  piloais,  JUamentia 
brevibua  bciai  connatia. 

Young  parts  densely  tawny-pubescent;  an  evergreen  (?)  tree,  15ft.  high.  Leaves  ovate- 
oblong,  rounded  or  slightly  narrowed  at  base,  alternate,  acuminate  at  apex,  thinly  coriaceous, 
dark  green  and  glabrous  above  except  the  depressed  midrib  and  veins,  with  scattered  appressed 
pubescence  beneath,  6 — 7iin.  long  by  1| — 2|in.  wide:  petiole  ^ — |in.  long,  pubescent. 

i .  Flowers  very  numerous  and  crowded,  subsessile,  ^ — J  in.  long,  conical  in  bud,  white, 
pentamerous  or  occasionally  hexamerous.    Calyx  campanulate,  |  in.  long,  pubescent,  5-fid ;  lobes 
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deltoid-acute/  glabrous  inside.    Corolla  with  hairy  lines  outside,  twice  the  length  of  the  calyx, 
deeply  5-lobed,  subrotate,  lobes   spreading.    Stamens  about  30;   anthers  linear,  pilose,  with 
long  terminal  apiculus ;  filaments  short,  combined  at  base,  inserted  on  receptacle ;  ovary  0, 
S.  America,  Peru  (?),  Monteiico,  3000 — 4<000  ft.  alt.,  rare,  Pearce  ! 

139.  DiOSPYBOS  PEBX7YIAN1,  Sp.  nov. 

D.  foliis  altemis,  ohUyngiSy  a/pice  acumi'ncUiSf  lasi  subrotundis  vel  omgustaUSy  coriaceis,  subtus 
pubescentibtASf  petiolatia ;  JhrUms  masculis  aggregatis^  cymosis,  5 — 6^meri8,  calyce  campcmulato, 
extus  puiescente,  S — Q-fido,  kins  lanceolatis  vel  ovatis,  coroUd  proftmde  lobatd,  lobis  rotundatia 
paientibus,  staminibus  36 — 45,  pilosis;  floribus  femineia  aggregatis,  subaessUibus,  fructilma  «*&- 
globosis,  papiUoao-rugosia,  aetoaia,  calyce  fructifero  patente,  non  ceacto. 

Young  parts  underside  of  leaves  and  inflorescence  ferruginous-pubescent.  Leaves  alternate, 
more  or  less  oblong,  acuminate  at  apex,  coriaceous,  deep  green,  shining  and  glabreseent  except 
the  depressed  veins  above,  pubescent  beneath  especially  on  the  veins  and  recurved  margins, 
3 — 6  in.  long  by  1^ — 2  in.  wide ;  petioles  ^ — J  in.  long. 

S .  Flowers  cymose,  several  together,  ,J — |  in*  long^ crowded;  cymes  (excluding  the  flowers) 
\ — \  in.  long ;  pedicels  -^ — \  in.  long ;  calyx  campanulate  \ — \  in.  long^  densely  pubescent  outside 
slightly  so  inside,  5— 6-fid,  lobes  ovate  or  lanceolate,  acute;  corolla  deeply  5 — 6-lobed,  j — |in. 
long,  lobes  rounded,  spreading  widely  in  full  flower,  much  imbricated  sinistrorsely  in  bud,  each 
with  a  longitudinal  stripe  of  dense  ferruginous  silky  hairs  outside;  stan^ns  36—45,  appearing  at 
the  mouth  of  the  open  corolla,  anthers  linear,  pilose,  filaments  glabrous  or  nearly  so,  combined  at 
the  base;  ovary  wanting. 

Yar.  a.  Sprucei.  ''A  small  tree,  15  feet  high,  not  rarely  pendulous  at  apex,  with  long 
subpinnate  branches,  5  or  occasionally  3  or  4  together."  Leaves  ovate-oblong,  nearly  rounded 
at  base.  S  flowers  white,  scentless,  about  fin.  IcHig.  Stamens  about  45.  $  flowers  in  sub* 
sessile  clusters-  Fruit  sub-spheroidal,  |  in.  thick,  f  in,  long,  papillose-rugose,  covered  with 
ferruginous  setae,  with  remains  of  4  styles  at  apex,  yellow,  rather  fleshy,  fruiting  calyx  not 
accrescent,  7-fid,  spreading,  about  \  in.  across,  bearing  remains  of  calyx  at  base  of  firuit. 
Tarapoto,  E.  Peru,  in  young  woods,  S  fLixa  January,  1856,  firuit  in  October,  1855,  Spruce! 
n.  4411. 

Yar.  fi.  oca/nenaia.  Leaves  oblong-lanceolate,  narrowed  at  base.  ^  flowers  greenish, 
dashed  with  rose-colour,  about  ^in.  long.  Stamens  36.  New  Qranada,  Ocana,  3500  ft.  alt., 
flowers  in  June,  Bchlwil  n.  688w     Perhaps  a  distinct  species. 

140.  DiosPYROS  Weddelii,  sp.  nov. 

2).  foKia  aUemi^,  obtongia,  apice  obtuah  acfwmiruxtia,  baai  cuneatia,  cariaceia,  glabria,  breviter 
petidatia,  nerm  incanapicuia ;  cymia  femineia  pyberuiia,  paucifloria;  fructibua  globoaia,  wrrw- 
ccaia,  breviter  pubeacenHbua ;  aemiwwm  albumine  non  ruminato;  calyce  Jiructtfero  parvo, 
patente,  b-fdOf  tdrinque  puberulo,  lobia  ovato-deUoideia. 

Branches  terete,  young  shoots  puberulous,  quickly  glabreseent;  bark  of  older  branches 
pale.    Leaves  alternate,  oblong,  obtusely  acuminate  at  apex,  alternate  at  base,  coriaceous. 
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glabrous,  undulated  in  the  dry  state,  1 J — 6  in.  long  by  j — IJ  in.  wide ;  petioles  J — i  in,  long, 
▼eins  inconspicuous. 

9.  Cymes  axillary,  puberulous,  few-flowered,  J  in.  long.  Fruit  globular,  verruoose, 
shortly  pubescent  between  the  rough  points,  1^  in.  in  diameter,  tipped  with  remains  of 
ferruginous-silky  style.  Albumen  of  seeds  not  ruminated.  Fruiting  calyx  small,  flat,  5-fid, 
puberulous  on  both  sides,  ^  in.  in  diameter,  lobes  ovate-deltoid. 

Brazil,  near  Rio  de  Janeiro,  Weddell!  577. 


141.    DiosPYROS  GLOMERATA,  Spruce  in  Joum.  Proc.  Linn.  Soc.  Lend.  v.  p.  7  (1861). 

-D.  foUis  altemis,  ovato-oblongia,  apice  acutia  acimtinatis,  hdsi  rotundatis  vel  eubcordatis, 

firmiter  membranaceis^  subtw  paMdia  appresse  puhescenttbvs,  breviter  petiolatis;  floribus  maS" 

cults  aggregatis,  dxiUaribttSy  sessUibus,  aericeis,  5 — Q-meris,  calyce  campanulato,  corolld  profunde 

lobatd,  hbis  patentibua^  staminibua  26 — 33,  serioeis;  fructibus  immaturis  subglobosis,  «u&-10- 

locuiaribus. 

A  slender  tree  20 — 30  feet  high ;  branches  5  together  arranged  in  3  subterminal  whorls, 
very  long  (12  feetj,  simple  or  rarely  forked,  leafy  and  flowering  to  the  base ;  terminal  buds 
narrowly  conical,  covered  with  dense  short  yellowish  hair ;  young  shoots  puberulous  -with  short 
brown  curly-patent  hairs,  terete,  glabrescent,  dark,  smooth.  Leaves  alternate,  ovate-oblong, 
fiimly  membranous,  usually  rounded  or  subcordate  at  base,  acuminate  and  acute  at  apex, 
6 — 12  in.  long  by  2 — 4J  in.  wide ;  dark  green  with  few  scattered  weak  pale  hairs,  glabrescent, 
and  with  depressed  midrib  above ;  pale  and  covered  with  appressed  hairs  and  with  raised  and 
darker  veins  beneath ;  petioles  ^ — \  in.  long,  patent,  slightly  bent  upwards  at  point  of  attach- 
ment of  leaf.    Flowers  sub-polygamous,  pentamerous  or  hexamerous. 

S.  Flowers  numerous  in  crowded  axillary  sessile  clusters,  pale,  silky,  "white,"  scentless, 
about  \  in.  long,  pentamerous  or  occasionally  hexamerous ;  bracts  rounded,  imbricated,  hairy. 
Calyx  campanulate,  5 — 6-fid,  with  acute  deltoid  or  ovate  lobes,  glabrous  or  nearly  so  inside. 
Corolla  deeply  6 — 6-lobed ;  lobes  oblong-obovate,  glabrous  inside,  incurved  near  apex,  erect- 
patent,  distant  upwards  when  in  full  flower,  imbricated  sinistrorsely  in  bud;  stamens  nearly 
equal,  26 — 33,  clustered  and  more  or  less  united  at  base,  inserted  at  base  of  corolla  or  on 
receptacle;  anthers  linear,  with  long  straight  silky  hairs  on  back  and  front;  filaments  short, 
glabrous.  Ovary  0  or  in  subhermaphrodite  flowers  ovoid  pubescent  10(?)-celled  terminated  at 
apex  by  6-lobed  style.    Young  fruit  subglobose,  about  10-celled. 

N.  W.  Brazil,  near  Panurfe  by  shady  banks  of  Rio  Uaup6i,  Spruce/  2701,  November; 
Martiual;  French  Guiana^  Martin! 

142.    DiosPTBOS  CAPREiEFOLU,  Mart.  MSS.  in  Herb, 

D.  foliis  altemis,  ovali-  vel  ovato-oblongis,  apice  acuminatis,  basi  angustatis,  tenuiter  ccri^ 
aceis,  subtus  pallidis,  suhglabris,  bremter  petiolatis;  fioribus  masculis  svhsessiUhus,  ii-^S-meris, 
calyce  campanvlato,  4 — 5'fdo,  corolld  stibrotatd,  staminibits  drdter  45,  pilosis,  coroUce  basi 
inserts;  florihus  femineis  soUtariis^  sessilibus,  5-m6m,  ovario  dense  hirsute,  stylis  4(?) 

A  tree  40  feet  high ;  terminal  buds  small,  rufous-hairy,  lateral,  often  hard ;  young  shoots 
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with  scattered  rnfous  hairs,  glabrescent ;  branches  spreading  at  40^ — ^70^  terete,  with  a  rather 
pale  cuticle.  Leaves  oval  or  ovate-oblong,  somewhat  narrowed  at  base,  acuminate  at  apex,  thinly 
coriaceous,  dark  green  shining  and  glabrous  except  depressed  midrib  and  with  depressed  veins 
above,  pale,  subglabrous  except  the  veins  beneath,  alternate,  2 — 3  in.  long  by  -^ — 1^^  in.  wide ; 
petioles  -^ — J  in.  long. 

i.  Flowers  few  together,  in  subsessile  clusters,  tetramerous  or  pentamerous;  calyx 
^in.  long,  with  scattered  appressed  hairs,  campanulate,  felted  within,  4 — 6-fid,  lobes  deltoid 
acute  ^  in.  long ;  corolla  ^  in.  long,  glabrous  except  longitudinal  stripes  of  brown  hairs  outside, 
subrotate,  lobes  oval,  spreading,  ^  in.  long ;  stamens  45  (in  one  pentamerous  flower),  inserted  at 
base  of  corolla,  anthers  linear,  with  a  few  pilose  erect  hairs ;  filaments  glabrous,  combined  at 
base;  ovary  rudimentary. 

9 .  Flowers  solittuy,  sessile,  pentamerous,  bracteate  at  base.  Calyx  5-fid,  with  deltoid 
lobes,  hairy  on  both  sides ;  corolla  spreading,  1^  in.  across  or  more,  glabrous  outside ;  ovary 
densely  hairy,  subrufous.     Styles  4(?),  glabrous,  erect,  exceeding  the  ovary. 

Brazil,  Cape  Frio,  Rio  de  Janeiro,  Selio  1011/;  MaranhAo,  Don/;  Guinea,  Surinam, 
Martins/  1678. 

143.    DiosPYROB  Manihi,  sp.  nov. 

D,  foliis  alterms,  ovali-ohlongis,  apice  acuminaUs,  bad  angtistatis,  firmiter  meTribranaceis, 
subtus  paUidis,  avbghhris  nervis  ewceptis,  breviter  petiolatis;  floribus  masctUis  dense  cymosis, 
axillaribus  et  secus  ramos  vetu^s  lateralibm,  6 — Q-meris,  caXyce  profunde  lobato,  coroUd  suh- 
rotatd,  staminibus  15 — 17,  svbasqualibus,  kispido-pUosis. 

A  tree,  with  young  shoots  rufous-hispid  or  afterwards  fuscous-hispid ;  older  branches  dark, 
glabrate,  spreading  at  about  50\  Leaves  oval-oblong,  narrowed  at  base,  acuminate  at  apex, 
alternate,  firmly  membranous,  glabrous  and  with  depressed  veins  above,  glabrous  (except  a  few 
isolated  erect  hairs)  and  paler  on  the  lamina  and  with  rufous  hispid  hairs  on  the  raised  midrib 
and  lateral  veins  beneath,  flat,  5— 7^  in.  long  by  \\ — 2 J  in.  wide;  petioles  fuscous,  hispid, 
i— ^  in.  long. 

^ .  Inflorescence  often  on  older  branches,  in  several-  or  many-flowered  dense  short  rufous- 
hispid  cymes  in  the  axils  (rf  present  or  fallen  leaves ;  pedicels  short ;  flowers  |  in.  long,  pen- 
tamerous or  hexamerous.  Calyx  femiginous-haiiy  on  both  sides,  -^ — \  in.  long,  deeply  5 — 6-fid, 
with  lanceolate  somewhat  spreading  lobes.  Corolla  subrotate  in  full  flower,  ovoid-conical  in 
bud,  \  in.  high,  5 — 6-partite,  glabrous  except  patches  of  short  pale  hairs  along  exterior  of 
lanceolate-oblong  spreading  lobes.  Stamens  15 — 17,  nearly  equal,  about  J  in.  long,  appearing 
at  open  mouth  of  corolla,  hispid -pilose,  with  pale  ferruginous  hairs,  on  short  filaments,  not  in 
pairs.     Ovary  wanting,  represented  by  a  few  hispid  hairs. 

West  Equinoctial  Africa,  Gaboon  River,  i  fl.  July,  Mann!  924. 

144.    DiosPYROS  ARTANTH^FOLIA,  Mart  FL  Bras.  vii.  (Eben.)  p.  7  (1856). 

D.  fcliis  altemis,  oblongis,  apice  cuspidaUMicvminatis,  bast  rotundoMs  vd  angustatis, 
crassiuscule  membranaceis,  svbtas  fusco-hirtis,  pallentilmsj  petiolatis;  floribus  femineis  axilla- 
rilms,  solitariis  vel  binis,  calyce  h-partito,  hirtido,  baccis  depresso-globosis,  S-locularibus^  dense 
rufo-setosis ;  caiycts  fructifert  lobis  obtusis  deltoideis. 
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Sinuous  branches  petioles  and  underside  of  leaves  especially  on  the  midrib  and  rathet 
prominent  veins  villous  with  brown  hairs.  Leaves  rather  thickly  membranous,  oblong  or  ovate-* 
oblong,  4 — ^  in.  long  by  2 — 1  in.  wide,  cuspidate-acuminate,  rounded  or  contracted  at  the  base, 
dark  green,  rather  paler  beneath,  with  8 — 13  lateral  veins  on  each  side,  alternate ;  petioles 
\  in.  long ;  veins  depressed  above. 

9 .  Flowers  axillary,  solitary  or  2  together,  subsessile  in  fruit ;  calyx  5-partite,  somewhat 
hairy;  fruiting  calyx  divided  beyond  the  middle;  lobes  triangular,  rather  obtuse,  tawny- 
setulose  especially  in  middle.  Berry  densely  rufous-setose,  8-celled,  depresso-globose,  setie 
shining. 

S.  America,  N.  Peru,  Maynas,  in  woods,  Poppig !  2266. 

145.    DIOSPYEOS  P(EPPIGIANA,  AlpL  DC.  Prodr.  viii.  p.  224.  n.  9  (1844). 

D.  /qliis  altemiSf  ovaU4anceolati8,  apice  obtuse  cLcuminatiSt  hasi  cuneatU,  tenuiter  cori- 
aceie,  auhtug  appresee-pubescetUHms,  breviter  petioUUis ;  jUyrihus  mascuUs  breviter  cymoM,  ftdvo- 
pubescentibia,  calyce  aperte  campantdato,  breviter  4 — S-fdo,  coroUd  tubulaed,  apice  obtuse  lobatd, 
stcminibus  12 — 20,  aubcBqucUibus,  JUamentia  brevibus  gldbrie,  antheria  hiepidia;  fructibus  gUh 
boeis,  apprease  paptUoao-pubeacentibua,  ocUyce  fructi/ero  non  aucto  patente. 

Miq.  in  Mart  Fl.  Bras.  vii.  (Eben.)  p.  4.  n.  4  (1856). 

A  small  bushy  tree,  rarely  erect,  15—25  feet  high;  alternate  branches  and  underside  of 
leaves  with  scattered  appressed  hairs.  Leaves  oval-  or  oblong-lanceolate,  obtusely  acuminate  or 
narrowed  at  apex,  cuneate  or  abruptly  narrowed  at  base,  alternate,  thinly  coriaceous  with 
very  slightly  reflexed  margins,  glabrescent  above  except  the  depression  of  midrib,  2 — 4  in.  long 
by  j — 1}  in.  wide;  petioles  ^ — ^in.  long;  lateral  veins  inconspicuous. 

^ .  Inflorescence  tawny-pubescent,  cymose,  bearing  few  or  several  flowers,  in  short  cymes 
which  measure  about  ^  in.  long  exclusive  of  the  flowers;  pedicels  short,  reflexed;  flowers  |  in. 
long,  tetramerous  or  pentamerous ;  bracts  ovate,  acute,  caducous ;  calyx  -^  in.  high,  openly  and 
shortly  campanulate,  shortly  4 — 5-fid  with  acute  lobes,  dark,  with  pale  pubescence  outside, 
glabrous  inside ;  corolla  ^  in.  long,  tubular,  bright  tawny-hairy  outside,  glabrous  inside, 
shortly  4— ^5-lobed  at  apex,  lobes  obtuse;  stamens  12 — 15  or  18 — 20,  nearly  equal;  anthers 
hispid,  linear,  h}'pogym>us ;  filaments  short,  glabrous,  combined  at  base  more  or  less  in  pairs ; 
ovary  small,  rudimentary,  with  short  inconspicuous  hairs.  Fruit  globular,  nearly  1  in.  in 
diameter,  shining  but  with  scattered  appressed  short  brown  hairs  especiaUy  at  apex  arising 
from  papillose  bases,  6 — 8-celled.  Fruiting  calyx  J  in.  in  diameter,  spreading  but  appressed  to 
base  of  fruit,  4— 5-lobed,  not  accrescent. 

Brazil,  Amazon,  Poppigl  2689;  Povoa9ad  dos  Juris,  Martina  t  n.  3053;  Rio  Negro,  fre- 
quent on  margin  of  Qap<5  from  Barcellos  upwards,  Nov.,  Spruce  I  1938;  St  Hilaire/;  Rio 
Uaup4s,  Gap6,  October,  Spruce/  2635. 

146.     DiOSPYROS  EMAEGINATA,  sp.  nov.     Plate  IX. 

D.  foliia  altemia,  obovatia,  apice  retuaia  vel  emarginatia,  boat  cwaeatia^  coriaceia,  coatd 
exceptd  glabreacentibua^  inconapicue  reticulatia,  breviter  petiolatia;  floribua  maaculia  axiUaribua, 
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cmferio-cymosis,  fulvo-KxrsvMSy  ccUyce  4 — S-fido,  corolld  tulmlosd,  apice  4s — S-hhd,  stamini- 
Ims  25 — 32,  subceqiialibitSy  JUamentis  brevibtis,  antheris  hispidis;  fructibus  globosis,  svhglahi^is, 
calyce  fructifero  vix  aucto. 

A  tall  straight  tree,  90  feet  high,  with  a  trunk  2  feet  thick ;  shoots  with  a  few  inconspi- 
cuous appressed  hairs.  Leaves  obovate,  alternate,  retuse  or  emarginate  at  apex,  cuneate  at 
base,  coriaceous,  quite  glabrescent  except  the  midrib  beneath  and  its  depression  above,  with 
highly  reticulated  but  inconspicuous  veins;  1\ — 3  in.  long  by  -^{j — 1^  in.  wide ;  petioles  about 
\  in,  long. 

g.  Inflorescence  axillary,  tawny-haiiy;  cymes  J — \  in.  long,  bearing  several  flowers  on 
short  pedicels;  flowers  fin.  long,  tetramerous  or  pentamerous,  drooping,  tawny;  calyx  ^  in. 
high,  shortly  and  openly  campanulate,  4 — 5-fid  with  sub-acute  lobes,  dark,  with  short  scattered 
appressed  hairs  outside,  glabrous  inside;  coroDa  tubular,  with  tawny-silky  hairs  outside, 
glabrous  inside,  4 — 5-lobed  at  apex;  stamens  25 — 32,  nearly  equal;  anthers  hispid,  linear, 
filaments  glabrous  towards  base,  more  or  less  combined  at  base  in  pairs  or  otherwise;  ovary 
rudimentary,  hairy. 

9 .  Fruit  globular,  about  1  in.  in  diameter,  subglabrous  but  with  a  few  scattered  appressed 
short  hairs.    Fruiting  calyx  about  ^  in.  in  diameter,  flat  and  appressed  to  base  of  fruit. 

Brazil,  Rio  Negro,  Qap6  below  Barcellos,  November.  Always  within  (and  not  on)  the  skirts 
of  inundated  forests,  nearly  related  to  i).  Poppigicma,  Alph.  DC.  but  less  common.  Spruce/  1913, 

Plate  IX  A  branch  in  male  flower,  natural  size.  a.  a  piece  of  a  branch  with  male 
flower  abnormally  thickened  by  an  insect,  not  magnified,  b.  interior  of  male  flower  cut  open, 
magnified  3  diameters,    c.  a  stamen,  magnifijcd  10  diameters,    d.  a  fruit,  naJlmral  size. 

147.      DiOSPYBOS  KIGIDA,   sp.  nOV. 

D.  foliis  altemis,  ohlongis,  basi  rotundis,  rigide  coriaceis,  supra  gldbris,  ^ibtus  paUide 
mbvdutinis,  costd  robustd,  nervis  inconspicuis,  petiolatia;  Jructibus  cyrrfosis,  depresso-globosis 
glanduloso-pulverulentis,  ceterum  glabris;  calyce  fructifero  cyathiformi,  fructum  cequante,  coriaceo, 
jmbervlo,  profunde  ^-lobo,  hbis  late  ovatis  erectis. 

Shoots  shortly  fuscous-hispid,  terete ;  leaves  alternate,  oblong  or  oval-oblong,  rounded  at 
base,  rigidly  coriaceous,  glabrous  above,  pale  beneath  and  covered  with  thin  velutinous  tomen- 
tum,  6 — 14  in.  long  by  1 J — 3|  wide,  midrib  stout,  slightly  depressed  on  the  upper  side,  net-veins 
not  conspicuous ;  petiples  stout,  wrinkled,  puberulous,  J — |  in.  long. 

9 .  Fruit  about  3  together  on  the  young  branches,  depresso-globose,  1  in.  long,  covered  with 
reddish  glandular  pulverulence  (as  in  D.  Embryopteria),  otherwise  glabrous;  peduncles  | — IJ  in. 
long,  nigro-hispidulous,  rigid ;  fruiting  calyx  cup-shaped,  as  high  as  the  fruity  Ij  in.  in  diameter, 
coriaceous,  puberulous,  deeply  4-lobed;  lobes  widely  ovate,  erect 

Borneo,  0.  Beccaril  n.  2285. 

148.    DiosPYROS  Embryoptems,  Pers.  Synops.  ll.  p.  624.  n.  6  (1807). 

D.  foliis  altemis,  ohlongis  vel  anguste  ovalibus,  apice  scepius  acuminatis,  basi  obtusis, 
coriaceis  vel  suimenibranaceis,  glabris,  petiohtis,  reticulatis;  floribus  masculis  axiUaribus, 
racemose  cymxms,  3 — 7-ni5,  4-  rarius  b-meris,  pubescentibus,  flavescentibus,  caiyce  patents,  4^^5'fido, 
caroUd  campanvlatd,  lobis  obtusis,  staminibus  24—  oo,  pubescentibus,  antheris  linearibus,  fila- 

Vol.  XII.  Part  L  33 


Digitized  by 


Google 


258  Mb  HIERN,  on  EBENACEiE. 

mentis  brevtsaimts ;  floribus  femineis  1 — 5-nw,  stibsesdl^ms  vel  cymosia^  4Hneri8,  ataminodtis 
1 — 12,  pubescentihia,  ovario  farinacechglandtdoso,  acaptua  S-loculari,  atylia  4;  fructibua  globoaia 
vel  ellipsoideia. 

Excl.  syiL  Lam.i  Bot.  Iteg.  t.  499  (1820),  Alph.  DC.  Prodr.  viii.  p.  235.  n.  65  (1844), 
Griff.  Notul»  IV.  p.  28S  (1854),  Thw.  En.  Ceyl.  PL  p.  178.  n.  1  (1860),  Bedd.  Fl.  Sylv.  Madraa 
t.  69  (1870),  non  Boj. 

Embryopteria  peregrina,  Qaertn.  Fruct.  I.  p.  l46.  t.  29.  £  2  (1788). 

Oarcinia  malabanca,  Desrousa  in  EncjrcL  M^th.  iii.  p.  701  (1789). 

Emhryopteria  glutinifera,  Roxb.  Corofmand.  I.  p.  49.  t.  70  (1795) ;  E.  ghbularia,  ex  Miq. 
Fl.  Ind.  Bat.  IL  p.  1048.  H.  16  (1856). 

Diospyroa  glvtinoaa,  Roxb.  Hort.  Bengal,  p.  40  (1814) ;  Konig  ex  Roxb.  FL  Ind.,  edit 
1832,  II.  p.  533. 

Dioapyroa  gluUniferOi  tValL  List  n.  4123  B  (1828 — 32). 

Dioapyroa  maldbarica,  Kosteletsky,  Med.  Pharmac.  Flora  (ui.)  p.  1099  (1834). 

Emhryopteria  gelatinifera^  G.  Don,  Gen.  Syst.  Gard.  and  Bot  IV.  p.  41  (1837). 

Dioapyroa  citri/olia,  Wall,  ex^  Alph.  DQ  Lc. 

Emhryopteria  glutenifera,  Wight,  Ic.  PI.  Ind.  Or.  VoL  ill.  pt.  2,  p.  4,  tt  843,  844  (1843—47). 

Dioapyroa  meUmoxylon,  Hassk.  Cat.  PL  Hort.  Bot  Bogor.  u.  p.  159  (1844),  Ettingsh.  Blatt- 
SkeL  Dikot  t  41.  f.  9  (1861),  nan  Roxb. 

A  middle-si^ed  or  large  evergreen  tree,  glabrous  and  shining  except  the  buds  inflorescence 
and  iruit ;  there  is  however  occasionally  a  slight  puberulence  upon  the  petioles,  &c.  Branches 
straight,  spreading.  Bark  scaly.  Leaves  oblong  or  narrowly  oval,  alternate,  usually  rounded 
at  base,  sometimes  subcordate  or  slightly  narrowed,  acute  lanceolate  acuminate  or  obtuse 
at  apex,  highly  retictilated  with  veins  in  relief  on  both  sides  with  the  exception  of  the  midrib 
which  is  depressed  on  the  upper  side,  coriaceous,  of  ^  pale  green  colour,  persistent,  3 — 12  in. 
long  by ,  I — 8|  in.  wide ;  petioles  i — J  in.  long,  usually  channelled  abova  Flowers  yellowish- 
white,  dioecious  or  polygamous. 

6.  Cymes  about  3 — ^7-flowered,  tawny-  or  fuliginous-pubescent  or  puberulous,^ — |  in.  long 
(excluding  the  flowers) ;  flowers  ovoid,  |  in.  long  in  bud,  \  in.  long  when  open,  tetramerous  or 
occasionally  pentamerous;  calyx  \  in.  long  by  |  in.  wide,  4-fid,  pubescent,  lobes  pubescent 
inside;  corolla  ^  in.  long,  with  pubescent  patches  of  hair  outside,  glabrous  inside,  shortly 
cylindrical,  lobes  about  ^  in.  long,  spreading,  imbricated  sinistrorsely  in  bud;  stamens 
indefinite,  24 — 64  or  more,  nearly  equal,  inserted  on  the  receptacle  or  at  base  of  corolla, 
anthers  linear,  more  or  less  hairy  on  back  and  front,  filaments  very  short,  hairy;  ovary  0  or 
rudimentary;  receptacle  hairy. 

5 .  Flowers  1 — 5  together,  subsessile  or  cymose,  tetramerous,  larger  than  in  the  male  plant, 
cymes  ranging  up  to  §  in.  long,  glabrescent  or  pubescent ;  bracts  caducous ;  calyx  deeply  lobed, 
pubescent  or  glabrescent,  lobes  dilatate-subcordate  at  base,  erect-patent,  ovate,  \ — |  in.  long ; 
corolla  about  \  in.  long,  with  short  nearly  erect  lobes;  staminodes  1 — 12,  hairy  (sometimes  per- 
haps perfect  stamens),  inserted  at  base  of  corolla  or  partly  bypogynous;  ovary  glabrous  (normally}, 
reddish-glandular,  or  with  a  basal  ring  of  hairs  (rarely  hairy  ?),  8  (^—10)  -celled ;  styles  4,  hairy 
at  base,  dilated  and  lobed  at  apex,  spreading ;  fruit  usually  solitary,  subsessile  or  pedunculate, 
globular  or  ovoid,  often  large   (1^ — 2  in.   long),  glandular  er  glabrate,  6"  8     IQ-celled  and 
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-seeded,  of  a  yellowish  rusty  colour,  covered  with  a  rubiginous  mealiness ;  fruiting  calyx  deeply 
4-lobed,  puberulous  or  glabrate,  as  wide  as  or  wider  than  the  fruit,  spreading  more  or  less  or 
erect,  with  lobes  dilatate-subcordate  at  base,  imbricated  sinistrorsely. 

An  officinal  preparation  {Extrdctvmi  Diospyri  of  the  Pharmacopoeia  of  India)  is  a  valuable 
astringent  obtained  from'  the  fruit  of  this  species,  and  is  useful  in  diarrhoea  chronic  dysentery 
and  leucorrhoea  and  as  a  local  application  to  bruises  and  spraina 

Of  this  variable  species  the  following  varieties  may  be  noticed  i-— 

fi.  (Urata,  Tbw.  L  c.  I^eaves  thinly  coriaceous ;  buds,  peduncles  and  calyx  fuliginous- 
pilose. 

•y.  nervosa,  Thw.  I  c.  Veins  on  both  sides  of  the  coriacpous  leaves  very  prominent;  leaves' 
rounded  at  the  base.    Buds,  peduncles  and  calyx  nigro-pilose.    Fruiting  calyx-lobes  erect 

Local  names.  PanittjikcMnaram,  Reede,  Hort,  Malabar,  pt.  iij.  p,  45.  t.  41  (1782). 
Malabarensibus;  Temiiri,  Brachmanis;  Fruita  da  Orude,  Lusitanis ;  Lym-appely  Belgis.  Tvmika 
of  the  Telingas,  ex  Boxb.  Corom.  2.  c.  Mangostanr-utan  of  the  Malays.  Tindooka,  the  Sanscrit 
name,  ex  Boxb.  Fl.  Ind.  Oavh  in  Bengal.  Kibaraffma  or  Kledong  in  Java.  Timberee-^ass 
in  Ceylon.    Kiisi  in  Banda,  India.     Qu8vakendhu  in  Goomsur  forests,  Madras. 

The  fruit  when  unripe  contains  a  laige  quantity  of  tannin,  and  when  ripe  is  eaten  but 
is  not  very  palatable.  The  astringent  viscid  mucus  of  the  frt^t  is  used  in  Bengal  for  paying  the 
bottom  of  boats,  and  an  infusion  is  employed  to  steep  fishing-nets  in  to  make  them  more 
durable.  It  is  also  used  for  book-binding  since  it  preserves  the  books  from  insects.  Masts  and 
yards  of  country  vessels  are  made  from  this  tree  in  Ceylon. 

India,  Silhet,  WalUch!  4123;  Quilon,  Hqrdwar,  Amherst,  Tavoy,  Wallick;  N.  W.  India, 
Hh.  Boyle,  M.  P.  MgewoHh/;  Bengal,  Behar,  Booker  fil.  and  T.  Thomson !  (Cult?) ;  Assam 
plains!;  Upper  Assam,  Jenkins/  277;  Ceylon,  Thumtes!  C.R  1916,  Walker  I,  Eh.  Wight! 
1711  his^  Oardner !  531  (J3  or  y);  Canara,  Mangalor,  Hohenacker  I  869 ;  Siam,  Sir  R.  Schom- 
burgk!  115;  Java,  DrHorsfiddf    Eben.  2,  7,  8';  Zollinger  I  3665;  E.  Doon,  J)r  Brandisf 

Var. /9.  Ceylon,  ThwaitesI  C.P.  2731;  Mergui,  Griffith/  3626,  3627;  Tenasserim, 
Packmann ! 

Var.  y.    Ceylon,  ThwaitesI  C.  P.  1910. 

149.    DiosPTBOS  COBUOEA,  sp.  nov. 

D,  iota  coriaceay  glabrata;  foliis  aiUemis,  oblongo-lanceoUxtis  vel  otfoHbus,  apice  acumi" 
natisy  basi  fere  rotwndatis  vel  breviter  angustatis,  petiolatis;  flortbus  femineis  solitariis  vel 
raro  binis  breviter  peduncviatis  axiHaribu^s,  ccUyce  lato,  plicato,  4 — S-fido,  Ichis  obtusis,  corolld 
breviter  semi-eUipsoided  4 — S-fidd^  lobis  rotwndatis  voids  contortis,  staminodiis  6  gUibris,  ovario 
minute  granvloso-glandvloso,  subglcboso,  S-loculari,  stylo  apice  lobato,  fructibus  subglcbosis 
loBvihus,  calyce  fructifero  ampliato  longitudine  Jructus. 

Shoots  dark-cinereous,  glabrate,  terete ;  leaves  alternate,  oblong-lanceolate  or  oval,  acumi- 
nate at  apex,  nearly  rounded  or  somewhat  narrowed  at  base,  coriaceous,  glabrate,  moderately 
reticulated,  2 — 4 in.  long  by  J — IJin.  wide;  petioles  J — Jin  long. 

9 .  Flowers  solitary  or  rarely  2  together,  in  upper  axils,  glabrous,  coriaceous ;  peduncles 
I — J  in.  long ;  calyx  wide,  plicate,  J  in.  wide,  J  in.  high,  4 — 3-fid,  lobes  obtuse ;  corolla 
shortly  ovoid,  as  high   as  the  calyx,  ^  in.  wide,  4 — 3-fid,  lobes  rounded,  much  contorted ; 
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staminodes  5  (in  one  case),  glabrous ;  ovary  subglobose,  glabrous,  covered  with  minute  gland- 
ular pulverulence,  8-celled,  cells  1-ovuled;  style  lobed  at  apex,  glabrous;  fruit  subglobose, 
I  in.  high,  glabrous,  smooth ;  fruiting  calyx  |  in.  in  diameter,  widely  plicate,  about  as  high 
as  the  fruit. 

Borneo,  0.  Beccaril  n.  1422,  8465. 

160.     DrOSPYROS  CRABSIFLORA,  sp.  nov. 

D.  foliia  aUemis,  oblongis,  apice  anguste  acuminatis,  basi  angustatis,  gUxbris,  unicolorihiis, 
tenuiter  coriaceis,  patentibus,  petiolatis,  nervis  inconspicuis;  floribus  mcLSCulis  craasisy  1 — 3-nM, 
brevisaime  cymosis,  aaillarilms,  ccUyce  depresso-hemisphcerico,  4 — S-fdo,  vtrinque  pubendo,  lobia 
rottmdatis,  corolld  ettipsoided,  camosd,  apice  4 — Q-lobd,  staminibua  oo  oo ,  siibcequcdibus,  phiri- 
s&rialibus,  dorso  pubescentibus,  hypogynis^  ovario  minuto,  hirsuto. 

A  tall  tree,  nearly  glabrous  except  the  inflorescence;  branches  dark,  terete.  Leaves 
alternate,  spreading,  oblong,  narrowly  acuminate  at  apex,  nan*owed  more  or  less  at  base, 
of  same  green  colour  on  both  sidlss,  very  thinly  coriaceous,  shining  above  with  depressed 
midrib  and  inconspicuous  veins,  with  clear  lateral  and  delicate  tertiary  veins  beneath, 
7 — Sin.  long  by  2 — 2|in.  wide;  petioles  ^ — Jin.  long. 

i.  Flowers  I — Jin.  long,  1 — 3  together,  on  very  short,  shortly  pubescent  axillary 
peduncles  or  cymes.  Calyx  depresso-hemispherical,  toughly  coriaceous,  Jin.  in  diameter, 
shortly  puberulous  on  both  sides,  4 — 5-fid ;  lobes  rounded.  Corolla  "  fleshy,  of  a  light  pink 
colour  and  of  the  size  and  form  of  a  pigeon's  egg,"  shortly  tomentose  outside,  nearly 
glabrous  inside,  4---6-toothed  at  apex;  teeth  contorted  sinistrorsely  as  regarded  from  within, 
■j^i — ^in.  deep,  obtuse.  Stamens  very  numerous,  about  fin.  long,  inserted  on  the  receptacle, 
subequal,  in  several  rows;  anthers  linear,  acute,  2-celled,  somewhat  hairy  on  the  back; 
filaments  very  short.    Ovaiy  minute,  hairy. 

Female  flower  and  fruit  unknown. 

West  Tropical  Africa,  Old  Calabar,  Rev.  W.  0.  Thmrmn!,  12  March,  1863. 

161.    DiosPTBOS  DISCOLOR,  WiUd.  Sp.  PL  IV.  p.  1108  (1805). 

D,  foliis  aitemis,  oblongis,  apice  a^cmninatiSy  ba^  rotundatis,  coriaceis,  supra  nitidis  glahriSf 
avbtfus  pallidis  appresse  pilosis  vd  glabrescentibusy  petioUitis,  nervis  inconspicuis ;  floribus 
mascidis  in  cymis  brevibus  trifloris  secus  ramulos  jtmiores  terminaliter  confertis,  scspim 
tetrameris,  sericeis,  caiycis  lobis  ovalibus,  rottmdatis,  coroUd  infimdibidiformi  profimde  4hfidd, 
staminibtJts  24-^28,  subcsqtLoMbus,  glahriSy  geminatis;  floribus  femineis  solitariis,  axiUaribus, 
sessilibus,  staminodiis  4,  5,  10,  glabris,  coroUcs  basi  insertiSy  ovario  dense  pHosOy  S-locuiari; 
fructibm  subglobosis,  camosis,  pilosis^  4 — 6-spermis,  aibvmine  non  ruminaio,  calyce  fructifero 
fructus  basi  appresso. 

AlpL  DC.  Prodr.  vin.  p.  236.  n.  66  (1844). 

CavaniUea  phiUppensis,  Desrouss.  in  Lam.  EncycL  HI.  p.  663  (1789). 

0.  Maboloy  Lam.  EnqrcL  tab.  464  (1823). 

D.  MaholOy  Eoxb.  Hort.  Beng.  p.  40  (1814),  LindL  Bot  Reg,  t  1139  (1828). 
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D.  Embryopteris,  Boj.  Hort  Maurit  p.  200  (1837),  non  Pers. 
Embryopteria  discolor,  G.  Don.  Gen.  Syst.  Gai*d.  and  Bot.  IV.  p.  41  (1837)* 
JHospyros  Kaki,  Blanco,  FL  Filip.  edit.  i.  p.  302  (1837),  non  linn.  f. 
R  Blancoi,  Alph.  DC*  Prodr.  vin.  p.  237.  n.  74  (1844). 
D.  embriopteris,  Blanco,  FL  Filip.  edit  ii.  p.  209  (1845). 
jD.  melanida,  Sieber !,  FL  Maurit  SuppL  n.  29 ;  non  Poir. 

A  tree  of  moderate  size,  40  feet  or  more  high;  the  trunk  furnishes  a  hard  compact 
ebony  of  an  exceedingly  deep  black  colour.  Young  (Shoots  and  inflorescence  fulvo-sericeous. 
Leaves  oblong,  alternate,  coriaceous,  rounded  at  base,  acuminate  at  apex,  broWn  glabrous 
and  shining  above,  pale  and  appressedly  pilose  beneath,  with  shining  silvery  hairs  that 
penetrate  the  skin  and  cause  it  to  itch,  ultimately  glabrescent,  5 — 8—^12  in.  long  (including 
petiole  I — Jin.  long)  by  2—3 — 4  in.  wide,  rigid;  lateral  veins  delicate,  inconspicuous; 
midrib  depressed  above,  stout  beneath,  wrinkled  when  dfj  as  well  as  the  petioles  and  young 
shoots.    Sometimes  small  glands  are  found  on  the  under  side  of  the  leaves. 

<J.  Flowers  about  ^in.  long,  subsessile  on  short  contiguous  3-flowered  cymes,  which 
are  arranged  in  terminal  or  axillary  racemes,  sweet-scented,  tetramerous  or  occasionally 
pentamerous.  Biucteoles  shortly  deltoid^  acute.  Calyx  turbinate-campanulate,  coriaceous^ 
wider  than  the  corolla-tube,  |  long,  deeply  lobed,  lobes  oval,  rounded  or  mucronate ;  silky  out- 
side, glabrous  inside.  Corolla  silky  outside,  glabrous  inside,  coriaceous,  funnel-shaped;  lobes 
rather  longer  than  the  tube,  spreading,  oval.  Stamens  glabrous,  24 — 28,  in  pairs,  nearly 
equal,  hypogynous  or  inserted  at  the  base  of  the  corolla-tube,  erect,  more  or  less  united 
at  their  base;  filaments  shorter  than  the  linear  laterally  dehiscing  anthers;  ovary  hairy, 
rudimentary. 

f .  Flowers  solitary,  axillary,  bracteate  at  base,  about  f  in.  long,  subterminal-spicate, 
tetramerous  or  pentamerous,  sessile.  Calyx  open,  about  ^in.  high;  lobes  nearly  |in.  long 
and  wide,  ^-oval,  coriaceous,  cordate  at  base,  appressedly  silky  outside,  glabrous  and 
shining  inside,  imbricated  in  various  ways.  Corolla  fin.  long,  shortly  tubular^  contracted 
about  middle,  silky  outside  except  near  base^  glabrous  inside ;  tube  f  in.  long,  truncate* 
ovate,  lobes  about  as  long  as  the  tube,  spreading,  |-oval,  obtuse,  margins  incurved,  im- 
bricated sinistrorsely.  Staminodes  usually  4,  occasionally  5  or  even  10,  much  shorter  than 
the  corolla ;  filaments  about  as  long  as  the  barren  (?)  anthers ;  all  glabrous,  alternate  with 
corolla-lobes ;  ovary  very  densely  pilose,  large,  8-  or  more-celled,  fleshy,  8  !-celled  in  specimen 
of  Dr  Maingay,  depresso-conical,  cells  1-ovuled;  styles  4,  distinct,  hairy  outside  or  glabrous, 
arched,  converging  at  apex.  Fruit  thick,  fleshy,  globose  or  subglobose,  densely  hairy,  reddish, 
like  a  quince,  4 — 6-seeded,  with  flesh  rose-coloured,  3 — 4 in.  in  diameter,  pulp  white;  hairs 
ferruginous;  albumen  cartilaginous,  not  ruminated;  fruiting  calyx  flattish,  appressed,  rather 
more  than  lin.  in  diameter. 

The  wood  is  very  hard,  of  a  dark  flesh  colour,  which  in  time  becomes  black  like  ebony. 
The  firuit  has  an  agreeable  smell  like  a  quince  (but  sometimes  not  so),  and  is  edible  after 
removing  the  hairs  and  skin.  Local  names  Mdbolo  in  Tfigalog,  Amaga  in  Bisaya,  Talang 
in  FlEunpango,  according  to  BUmoo,  I.e. 

Philippine  Islands,  Manila,  Oavdichaud!;  Blanco.  Cultivated  in  Mauritius  (Hb.  Kunthl) 
and  in  the  Calcutta  and  Paris  Gardens;  also  introduced  at  Mah^  L  Seychelles,  Home/  345; 
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Guadalope,  Perottet!  cultivated  (?) ;  Malaya,  Pulo  Ticus,  "Stem  thin,"  Br  Maingay!  970/2; 
Borneo,  0.  Beccfiri!  n.  1892,  WaUich/  4131. 

A  form  with  leaves  pale  and  ha\dng  nnmeroiis  inconspicuous  veins  on  both  sides,  pro- 
bably introduced,  is  found  at  Rio  de  Janeiro,  Brazil,  Qlaziou!  1560,  156^. 

152.    DiosPYROS  ARGENTEA  (jD.  argenteus),  Gri^.  Not.  rv.  p.  288  (1854). 

D.  foliis  alternis,  obUmgia,  apice  acuminatis,  basi  rc^ndatis  vel  cordatis,  coriaceis,  tupra 
glabris,  suhtvs  dense  argentechpilosis,  breviter  petiolatis;  jUyrihus  maactdis  hreviter  cymosisj 
eoBpius  tetrameris,  sericeia;  calyce  4-^o,  campamdatO'C^lindrico,  lobie  ovaJ^yus;  coroUd  6r©- 
viter  iuhulosd,  hbia  ovcdibiLs;  staminilms  22 — 24,  evhiE^pialibuSy  hirsutism  gemirHiUa^  ovarii 
rudimento  pubeacente  ;  fioribue  femineis  solitariis,  breviter  peduvcalatis^  staminodiis  4 — 5,  ovario 
dense  hirstUo  ^loculari,  hdUia  imperfecte  divisis;  fructibus  ellipsvideis,  etrigoeo-pHogis, 
8-lo(yularibib8,  seminibiLS  6 — 8,  cdbvmine  no^  rvminato;  calyce  fructifero  4hpartito,  aticto; 
lobie  oblongis. 

Buds  lanceolate-acuminate,  with  silvery  silky  hairs;  branchlets  somewhat  compressed, 
covered  as  well  as  inflorescence  and  petioles  with  very  brilliant  silvery  and  silky  hairs  which 
at  length  becotAe  ferruginous-silvery.  JiCaves  alternate,  oblong,  coriaceous,  cordate  or  rounded 
at  base,  shj^rpl?  acuminate  at  i^pex,  glabrous  above,  densely  velutinous-pilose  beneath  with 
silky  shining  silvery  hairs,  which  afterwards  become  ferruginous-silvery  and  at  length  mostly 
£a,ll  off,  leaving  an  appressed  pubescence  and  the  under  surface  of  the  leaf  pale,  7 — 11  in. 
long  by  2 — 3^  in.  wide ;  petioles  i — ^  i^,  long ;  margins  reflexed ;  midrib  stout,  depressed 
above;  lateral  veins  iiiponspicuous. 

J^.  Cjrmes  axillary,  spreading,  near  ends  of  branchlets,  J — |in.  long  (exclusive  of  the 
flowers),  bearing  3 — oo  flowers ;  common  peduncle  \ — J  in.  long ;  ultimate  pedicels  short ; 
bracts  ovate,  glabrous  inside.  Flowers  (closed)  nearly  J  in.  long,  silky  outside,  usually  tetra- 
merous.  Calyx  -^in.  long,  campanulate-cylindrical,  silky  on  both  sides,  4-  (in  one  case  3-) 
fid,  lobes  oval.  Corolla  |  in.  long,  shortly  tubular,  4-lobed,  silky  on  both  sides  especially 
outside,  lobes  |  in.  deep,  oval.  Stamens  22 — 24,  in  pairs,  nearly  equal,  very  hairy,  filaments 
much  shorter  than  the  anthers;  ovary  rudimentary,  hairy. 

9.  Flowers  solitary,  in  axils  of  upper  leaves;  peduncles  ^— ^in.  long.  Calyx  about 
^  in.  long,  4-fid,  densely  furred  on  both  sides,  campanulate ;  calyx-lobes  ovate,  apiculate. 
Corolla  -n^in,  long,  4-fid,  tomentose;  lobes  oval,  apiculate,  imbricated,  hairy  insida  Stami- 
nodes  4 — 5,  alternate  with  corolla-lobes,  haiiy  above ;  ovary  globose,  densely  hairy,  4-celled ; 
cells  imperfectly  divided ;  ovides  8;  styles  4,  hairy,  erect,  I — ^in.  Fruit  with  1  oval  bract  at  the 
base  I  in.  long,  ^in.  wide,  glabrous  inside,  egg-shaped,  2  J — 3  in.  long  by  IJ — 2  in.  thick, 
very  strigosely  pilose,  greenish-white  or  yellowish,  shortly  cuspidate  at  the  apex,  8-celled. 
Fruiting  calyx  4-partite,  sometimes  3  in.  wide ;  lobes  very  large,  oblong,  concave,  obtuse, 
with  metallic  lustre,  very  silvery-silky  outside,  veined  inside,  1| — 2  in.  long  by  J  in.  wide ; 
seeds  6 — 8,  subcylindrical,  slightly  attenuated  at  both  ends;  ranging  up  to  2 in.  long  by 
I  in.  wide,  imbedded  in  pulp ;  albumen  cartilaginous  or  homy,  white ;  embryo  ^ — }  in.  long ; 
radicle  thick,  clavate,  about  equalling  or  shorter  than  the  cotyledons. 

Malacca,  Oriffithl  3625;  Maingay!  n.  968. 
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153.  DioSPYKOS  TOPOSIA,  Hamilt.  in  Trans.  Linn.  Soc.  Vol  XV.  p.  115  (1827). 
27.  foliis  aiternisj  chlangis  ovatis  vel  lanceolatis,  apice  acuminatis,  bast  ohtvsis,  cariaceis, 
glaherrimis,  crehre  reticulatis,  petiolatis;  floribus  masculis  axiUaribus,  cymosis,  ccdyce  initio  clauso 
lobis  eonnatis  demum  irregvlariter  apice  rupto,  corollA  urceolatd,  apice  4 — S-hhd,  stamimbua  oo , 
gldbris'y  floribus  femineis  solitariis,  staminodiis  12 — 16,  ovario  4-  {rarius  6-)  loctdari,  Jructibus 
subglobosis  vel  ellipsoideisy  glandtUoso-puhescentibtis  vel  gldbreacentibvSy  seminibits  1 — 4>;  calyce 
fructifero  3 — 4-fo6o,  pubescerUe. 

Ettingsh.  Blat.-Skel.  Dikot.  t.  42.  f.  7  (1861);  Bedd.  Ic.  PL  Ind.  Or.  (Part  vil)  p.  25. 
t  122  (1871) ;  Alph.  DC.  Prodr.  vm.  p.  237.  n,  73  (1844). 

jD.  racemosa,  Roxb.  Hort.  Beng.  p.  40  (1814) ;  FL  Ind.,  edit.  1832,  vol.  ii.  p.  536 ; 
Wight,  Ic.  t.  416. 

D.  lanceolata,  Wall  List  n.  4122  (182S— 32),  Hon  Poir. 

D.  incisa^  Hamilt  ex.  Wall.  Lo. 

Embryopteris  racemosa^  G.  Don,  Gren.  Syst.  Qard.  and  Bot.  iv.  p;  4i   (1837). 

Called  Toposi  in  Bengal,  where  it  is  cultivated  on  account  of  the  fragrancy  of  thd 
flowers ;  Kahakaaktrgass  in  Ceylon,  see  Thw.  ^Enum.  Ceyl.  PL  p.  179.  n.  4  (1860)  5  Ooohd 
in  Silhet  and  Tipperah,  see  Boxb.  Hort.  Beng.  p.  40  (1814). 

A  large  or  middle-sized  tree  with  glabrous  terete  branches.  Leaves  stltemate;  oblong  ovat^ 
or  oval,  acuminate  at  apex,  obtusely  narrowed  or  rounded  at  base,  coriaceous,  closely  and 
clearly  net-veined,  with  midrib  depressed  on  upper  surface,  shining  above,  quite  glabrous, 
3 — 8  in.  long  by  1 — 3f  in.  wide ;  J)etioles  \ — \  in;  long.    Foliage  like  D.  parUcuIatai  Dalz. 

J .  Cymes  axillary  { — 1  in.  long,  slightly  hairy  or  glabrescent,  usually  3-floWered,  ill 
cultivated  specimens  3 — 12-flowered;  flowers  Jin.  long,  yelldw,  pedicels  shorter  than  the 
calyx;  bracts  caducous,  at  the  top  of  peduncle:  calyx  at  first  cldsed  in  bud  with  con- 
nate lobes,  afterwards  irregularly  broken  from  apex  in  unequal  acute  lobes,  scattered  with 
inconspicuous  short  setae,  about  Jin.  high.  Corolla  urcecflate,  4-lobed  at  apex,  glabrous  except 
a  few  short  hairs  outside  along  the  middle  lines  of  the  lobes;  Dr  Hamilton  states  that 
the  corolla  is  5-lobed.  Stamens  numerous,  indefinite,  in  one  case  33,  glabrous,  mostly 
hypogynous;  filaments  very  short;  ovary  hidimentary; 

2 .  Flowers  solitary ;  fruiting  peduncle  J — J  in.  long,  sometimes  at  base  shortly  adnate 
to  the  branch  so  as  to  become  supra-axillary;  bracts  at  top  of  peduncle,  caducous.  Calyx 
as  in  (S.  Corolla  tubular-urceolate,  4-lobed  at  apex,  Staminodes  12 — 16.  Ovary  4-  rarely  6* 
celled.  Style  0,  stigma  4-lobeA  Fruit  oblong  or  subglobose,  | — lin;  longj  glandular  and 
covered  with  short  weak  close  tawny  hairs  or  glabrescent.  Fruiting  calyx  hairy,  with 
3—4  oblong  or  rounded  lobes,  J — I  in.  across,  spreading;  seeds  1^-4,  albumen  cartilaginous^ 
not  ruminated  but  with  very  faint  radiating  striae  near  the  circumference. 

East  Bengal,  OrijffUh !  3622 ;  Ceylon,  not  uncommon  in  damp  forests  up  to  an  elevation 
of  4000  feet,  Tkwaitee!  C.P.  1911,  2514,  aardneri  633;  Silhet,  BoaAvrgh,  WaUiohl 
4122;  ?  Khasia,  Dr  Hooker/  (part). 

A  specimen  from  Borneo,  collected  by  0.  Beccari  !  n.  3052,  with  leaves  5 — 11  in.  long 
by  1| — 4  in.  wide,  and  subglobose  4-celled  4-seeded  fruit  with  deeply  trifid  dalyx  nearly 
lin.  in  diameter^  probably  belongs  to  this  species. 
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The  following  species  of  diospyeos  abe  too  impeiifectlt  knowh  to  be  placed 
IN  their  positions  in  the  sections. 

154.    DiosPTROS  GBATA,  Wallioh,  list  n.  4J42  (1828—32). 

D.  foliis  cdtemis,  oblongis,  utrinque  angustatis,  obtims,  glabris,  florilms  femineis  soUtariis, 
syhsesaUibus,  ovario  fulvo-hispido  ;  fructibua  globosisy  subghbratia^  calyce  fructifero  5-fido,  pen^ 
tagono,  utrinque  pvbescente. 

Alph.  DC.  Prodr.  vin.  p.  232,  n.  48  (1844). 

Branches  nearly  glabrous,  pubescent  at  the  extremities*  Leaves  alternate^  glabrous^ 
oblong,  narrowed  at  both  ends,  obtusely  acuminate  at  apex,  3 — 6  in,  long  by  1 — 2  in.  wide ; 
midrib  depressed  above;  veins  slender,  crowded,  not  conspicuous;  petioles  J-^in,  long, 
glabrous. 

? .  Fruit  solitary,  subsessile,  globose,  about  1  in,  in  diameter,  glabrate  or  with  remains 
of  ferruginous  hairs ;  fruiting  calyx  stellate,  5-fid  i^nd  5-comered,  hairy  on  both  sid^^  tawny, 
fin.  across;  pedimcles  very  shorty  hairy, 

Nepal,   WaUichl    Cfr,  2).  lancecefolia,  Roxb. 


155.    DiosPYROS  ORi^ENSis,  Wight  Hb.  I,  non  Klein. 

J),  foliis  altemis,  eUipticis,  apice  obtuse  angustatis  vel  breviter  acumirudis^  bast  obtusis, 
glahrescentibus,  tenuiter  coriaceis,  breviter  petiolatis;  Jrucbibus  soUtariis  axiUaribus  subglo- 
bosis,  breviter  peduncvlatis ;  calyce  fructifero  prof  wide  4irfido,  appresso  vel  leviter  patente,  extua 
piloso,  lobis  obtusis. 

Young  shoots  petioles  and  peduncles  hirsute,  afterward  puberulous,  ultimately  glabrous, 
terete;  leaves  alternate,  thinly  coriaceous,  elliptical,  obtuse  at  base,  obtusely  narrowed  or 
shortly  acuminate  at  apex,  glabrescent,  brown  on  both  sides,  midrib  slightly  depressed  above 
and  veins  inconspicuously  raised  above,  more  manifest  beneath,  subnitescent,  1 J — 3^  in.  long  by 
f — 1^  in.  wide  ;  petioles  J  in.  long,  strong. 

9 .  Fruit  solitary,  axillary,  dark,  subglobose,  about  ^  in.  in  diameter,  on  peduncle  about 
equalling  the  petiole ;  bracts  caducous ;  fruiting  calyx  deeply  4-fid,  appressed  to  base  of 
fruit  or  somewhat  spreading,  ^in.  across,  subpilose  outside;  lobes  obtuse;  seeds  2 — 3,  oblong, 
^in.  long. 

Courtallum,  Hb.  Wight/ 


156.    DiosPYROS  DODECANDRA,  Loureiro  Fl.  Cochinch.  p.  228.  n.  5  (1790). 

D.  foliis  altemis,  late-lanceolatis ;  floribus    axiUaribus;   corollcs  tubo  svhghboso,   lobis  4, 
brembus;  staminibus  18,  corollce  basi  insertis;   bacds  compressis,  lentiformibus,  S-spermis. 
Alph.  DC.  Prodr.'  VIIL  p.  238.  n.  86  (1844). 
Embryopteris  Loureirianay  G.  Don,  Gen.  Syst.  Qard.  and  Bot  IV.  p.  41  (1837). 
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A  large  tree  with  sub-patent  branches.  Leaves  widely  lanceolate,  quite  entire,  alter- 
nate. Flowers  hermaphrodite  according  to  Loureiro,  axillary,  white;  corolla  4-lobed,  tube 
subglobose,  laige,  lobes  short ;  stamens  18,  inserted  at  the  base  of  the  corolla.  Fruit  pallid, 
compressed,  lentiform,  1-celled  [?],  8-seeded,  pulpy;  pulp  moderate,  somewhat  sweet,  astrin- 
gent, edible,  not  good-tasted;   seeds  compresso-ovate,  bony,  large. 

Spontaneous  and  cultivated  in  C!ochinchina^  Loureiro.  Local  name,  Cdy  Tki  trdm. 
Wood  like  that  of  D.  decandra^  Lour.,  but  without  the  very  black  veins  in  the  heart; 
white  and  smooth  and  with  dense  fibres.    Used  in  gardens  to  support  black  pepper  plants. 

157.    DiospYKOS  (?)  PILOSA,  Alph.  DC.  Prodr.  via  p.  219  (1844). 

D.  caule  arboreo,  fcliia  aUemiSy  otfato-lanceolaiis,  subtus  tomerUosis,  brevvter  petiolatis; 
Jloribus  masculis  racemosis,  rubro-fuacisy  calyce  B-lobo,  lohia  ovatisy  corolld  5'lobd,  tvbo  breviy 
laciniia  ovato^blongis,  crams,  patentibus,  ccUyce  sublongioribua,  JUamentis  15  brevibus,  antheris 
obUmgis. 

Baclea  pihsa,  Loureiro,  FL  Cochinch.  p.  629  (1790). 

A  large  tree  with  ascending  branches;  dioecious.  Wood  fit  for  house-building.  Leaves 
alternate,  ovate-lanceolate,  quite  entire,  tomentose  beneath;  petioles  short  Flowers  reddish- 
brown,  "in  terminal  racemes." 

^.  Calyx  5-lobed,  lobes  ovate,  pilose  on  both  sides;  corolla  5-lobed,  tube  short,  lobes 
ovate-oblong,  crass,  pilose,  patent,  rather  longer  than  the  calyx ;  filaments  15,  short,  anthers 
oblong,  erect. 

Cochinchina,  Loureiro.    Vernacular  name  Cdy  Nhaoc 

158.  DiosPTROS  Hasseltii,  Zoll.  Obs.  Bot.  Nov.  p.   15.  n.  3  in  Natuurk.  Tydschr.  NeerL 

Ind.  Vol  XIV.  (1857). 

D.  foliia  ovcUibua,  utrinque  cUtenucttis,  niHdisy  glabris;  floribua  axillaribua,  ra4>emo8i8, 
racemis  suberectis,  calycis  marginibus  in  axiUia  loborum  deflexisy  ladniie  acutis,  pedicellis 
subdavatis  pilosis,  coroUca  (fern.  ?)  tubo  ^t-gono,  pUis  nigris  prcesertim  ad  cmgulos  tecto,  staminibus 
8  [12],  iisdem  quca  lobis  cotoIUb  alternant  simplicibus  longioribus,  aliis  brevioribus  bicruris, 
stylis  4,  bifidis;  baccd  glabrd,  S-loculari. 

Java.  Described  by  Zollinger  from  a  drawing  of  Euhl  and  van  Hasselt  No.  2  b  in  the 
Buitenzorg  botanical  garden. 

159.  DiosPTROS  EuHLii,  ZolL  Obs,  Bot  Nov.  p.  15.  n.  1  in  Natuurk.  Tydschr.  NeerL  Ind. 

Vol.  xrv.  (1857). 

D.  foliis  obhngis,  utrinque  acuminaMs,  integris ;  jloribua  lateralibus  axiUaribuSy  pedicdlis 
caiycem  asquantibuSy  staminibus  8  [12]  aUemaiim  bicruris  (antheris  interioribus  brevioribiLs) 
aiiis  simplicibus,  stylis  2  bifidis,  baccd  pilosd, 

Java.  Described  by  Zollinger  from  a  drawing  of  Euhl  and  van  Hasselt  No.  3  in  the 
Buitenzorg  botanical  garden. 
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160.    DiOSPYEOS  PENDULIFLORA,  Zoll.  Obs.  Bot.  Nov.  p.  15.  n.  2  in  Natuurk,  Tydschr.  NeerL 

Ind.  VoL  XIV,  (1857). 

D.  foliis  oblongis,  utrinque  acutis,  acuminatis;  florOms  masctdis  lateralibns  pendvlis,  pe- 
dunculo  hifidOy  pedicellis  flcyres  cequantihus,  calyce  nigro-pUoso  4flobo,  corolld  apertd,  staminihua 
8  [circiter  20 'QjJUamentis  hrevibm  pilosis^  aUematim  2-  vel  S-cruris;  Jhribua  femineia  solitariis 
pendvlis,  coroUce  lobis  erectis,  staminibus  12  sterilibvs,  baccd  pilasd  5 — S-loculari. 

Java.  Described  by  Zollinger  from  a  drawing  of  Kuhl  and  van  Hasselt  No.  2  a  in  the 
Buitenzorg  botanical  garden. 


161.    DiosPYROS  (?)  CYSTOPUS,  Miq.  FL  Ind.  Bat.  Suppl.  i.  pp.  250,  584  (1860). 

D,  ramulia  teretibus  prcBsertim  supeme  cum  petiolis  foliisque  auhtus  maxime  aecus  nervos 
rufo'pvhescentiJms,  glairescentibtLS,  foliis  alternis,  oblongis,  apice  caudato-acuminatis,  basi  ro- 
tundatia,  tenuiter  subcoriaceis,  supra  glabris,  svhtus  costulis  patentibus  utrinque  18^12  te- 
nuibus  venulosis  pertensis,  in  sicco  glauco-fuscescentibus. 

Young  parts  rufous-hispid ;  branches  terete.  Leaves  alternate,  oblong,  caudate-acuminate 
at  apex,  rounded  at  base,  thinly  sub-coriaceous,  glabrous  above,  rufous-hispidulous  beneath 
especially  on  the  raised  midrib  and  lateral  veins ;  about  9  in.  long  by  2  J — 3  in.  wide ;  petioles 
:lin.  long,  channelled;  lateral  veins  about  15  on  each  side,  inconspicuous  above,  slender 
and  more  conspicuous  beneath ;  midrib  much  raised  beneath,  tapering  towards  the  apex. 
Flowers  and  fruit  unknown,  and  therefore  the  plant  is  of  uncertain  position. 

Sumatra;  Lampong,  near  Kebang,  Teijsmannl    Local  name  Darihan-darehan. 


162.    DiosPYROS  PYRRHOCARPA,  Miq.  Fl.  Ind.  Bat.  SuppL  i.  pp.  250,  683  (1860). 

D.  ramulis  novellis  cum  petiolis  costdque  subtua  pvbeacentibus  glabrescentibus  \  foliis  e 
basi  rotundatd  usque  acutiusculA  elliptico-oblongis  plerisque  breviter  obtuso-acwminatis,  coriaceia, 
glabris,  supra  secus  costam  canaliculatis,  subtus  pallidis  costulis  9 — 7  tenuibus  arcuato-patulis 
a  margine  leviter  incurvo  distanter  unitis,  dense  tenereque  reticulatis;  floribus  secus  ramulos 
infeme  lateralihus  solitariis  brevi-pedunculatis,  cum  calyce  4? — 5-partito  (lobis  acuminatis  coriaceis) 
utrinque  rufo-tomentosis ;  baccis  cerasi  majoris  mole  depresso-globosis,  calyce  adaucto  reflexo 
{lobis  antice  convexis)  suffultis  rufo-ochrascenti-tomentosia. 

West  Sumatra,  in  province  Priaman,  Diepenhorat;  Malay  name  Eampadoe-Kajoe. 

163.      DIOSPYROS  PLATYPHYLLA,  Welw.  MSS. 

D.  arborea,  laxe  ramosa,  apice  foliosa,  foliis  aUemis,  ellipticis  rotundis  vel  obovaMs,  apice 
obtu&is,  basi  rotundatis  saspe  imequalibva,  vaMe  coriaceia,  aupra  glabreacentibua  nitidia  aubtua 
tomentosis  reticulatis,  breviter  petiolatis;  fructibus  edulihua. 
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A  moderate-sized  tree,  with  lax  tortuous  dark-cinereous  branches  leafy  and  angular  at  the 
apex.  Leaves  alternate,  elliptical  rotund  or  obovate,  rounded  or  obtuse  at  apex,  rounded 
and  often  unequal  at  base,  very  coriaceous,  glabrescent  and  shining  above,  -more  or  less 
tomentose  beneath,  reticulated  but  inconspicuously  so  above,  3 — 6  in.  long  by  1^ — 3  J  in.  wide ; 
petioles  J — J  in.  long.  Flowers  monstrous  in  the  specimen,  the  inflorescence  consisting  entirely 
of  densely  imbricated  ferruginous-tomentose  foliaceous  scales. 

W.  Tropical  Africa,  Angola,  Pungo  Andongo,  in  sandy  woods  from  Calunda  to  Condo,  fruit 
said  to  be  edible,  Dr  Welwitsch!  no.  2531;  native  name  Miisolveira,  the  same  as  that  of 
Diospyros  meapiliformis,  Hochst,  of  which  it  may  very  possibly  prove  to  be  an  aberrant  form. 


164.  Diospyros  platycalyx,  sp.  no  v. 

D.  foUis  aUeniis,  obovato-oblongis,  apice  rotundatis,  bdsi  cuneatis,  coriacets,  utrinque  pu- 
beruiis  vel  ghbrescentibus^  petiolatis;  Jructibus  solitariis,  subglobosis,  glaberrimis,  apice  umbili' 
catiSf  nitidis,  10  (lyiocularibus,  breviter  pedunctdatis ;  calyce  fructifero  profunde  5 — G-lobo,  pliccUOy 
auctOy  labia  late  ovatis,  cordatis,  auriculatis ;  seminibus  compresetSy  aUmmine  non  ruminato. 

Tree  of  20  feet ;  young  shoots  with  short  patent  whitish  tomentum ;  branches  glabrescent, 
terete,  palish.  Leaves  obovate-oblong,  alternate,  coriaceous,  undulated,  rounded  at  apex,  cuneate 
at  base,  brown,  shining,  with  slight  veins,  puberulous  or  glabrescent  on  both  sides,  of  nearly 
the  same  colour  on  both  sides,  2 — 3  in.  long  by  | — 1  in.  wide  ;  petioles  puberulous,  \ — J  in. 
long ;  midrib  slightly  depressed  on  upper  surface.  Fruit  solitary,  in  axils  of  fallen  leaves,  on 
shoots  of  previous  season,  ^  in.  long  (besides  the  calyx)  by  §  in.  thick,  subglobose,  quite  glabrous, 
umbilicate  at  apex,  10  (?)-celled,  with  cells  1-seeded,  shining,  paler  than  leaves  and  calyx. 
Fruiting  peduncle  stout,  with  wide  convex  articulation,  -^ — f  in.  long,  glabrate.  Fruiting  calyx 
§  in.  deep  by  1^  in.  wide,  concealing  half  the  fruit,  nearly  glabrous,  deeply  5 — 6-lobed ;  lobes 
widely  ovate,  acute,  cordate,  much  auricled  at  base,  firmly  membranous,  with  sides  of  lobes 
reflexed,  folding  with  contiguous  lobes  and  forming  5  dependent  spurs  the  points  of  which 
are  ^in.  below  the  level  of  the  articulation  of  the  fruit;  seeds  compressed,  ^in.  long  or 
more,  albumen  not  ruminated. 

Seychelles  Islands,  PervilUl  640. 

165.  Diospyros  leucocalyx,  sp.  nov. 

D.  fruticosa,  glahra,  foliis  aUernia^  oblongis^  apice  obtuse  acuminatis,  basi  rotundatis  vel 
8ubc(yrdati8,  costd  et  nervis  Uxterdlibus  stibtfis  validis,  petiolis  validis  tumido-crassis ;  calyce 
fructifero  i-partito,  intus  aUndo-pruinaso,  lata,  lobis  UUe  cordatis,  acvminatis,  foliaceis. 

A  small  shrub,  glabrous,  dark  green  but  shining.  Leaves  alternate,  subcoriaceous,  oblong, 
obtusely  acuminate  at  apex,  rounded  or  subcordate  at  base,  1  foot  long  by  5  inches  wide ; 
midrib  and  lateral  veins  strong  beneath ;  petioles  more  than  ^  in,  long,  strong,  dark,  tumid- 
crass.  Fruiting  calyx  4-partite,  white-pruinose  within,  2  in.  high  by  3  in.  or  more  wide, 
erect-patent ;  lobes  widely  cordate,  ovate,  acuminate  at  apex,  foliaceous. 

Madagascar,  Ambanivoule,  Ooudot!  At).  1833. 
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166.    DiosPYROS  Bernieri,  sp.  nov, 

D.  foUis  aUemis,  ovali-lanceolatis,  apice  avhcuywrninatis,  basi  angustaHs,  coriaceis,  glahris^ 
hreviter  petiolatis,  nervia  inconspicuis ;  fructihus  soUtariis,  appresse  hirstUia,  breviter  pedun- 
cvlatis;  caiyce  fructifero  utrinque  pubescente,  4i-fido,  tvbo  concavo,  tetragono,  incrassato,  lobis 
refleanSj  undulatia,  late  ovatis. 

Glabrous  except  the  infloresceBce ;  branches  pale,  terete.  Leaves  alternate,  dark  above, 
oval-lanceolate,  somewhat  narrowed  at  base,  obtusely  or  sometimes  acutely  sub-acuminate  at 
apex,  coriaceous,  veins  indistinct,  reddish  brown  beneath;  midrib  depressed  above,  blackish 
beneath ;  2 — 3 J  in.  long  by  | — 1  in.  wide ;  petiole  i  in.  long,  black  in  the  dry  state. 

Fruiting  peduncles  very  thick,  J  in.  long  and  as  thick,  pubescent,  solitary ;  fruiting  calyx 
I  in.  high  by  nearly  2  in.  across,  pubescent  on  both  sides,  4-fid ;  tube  concave,  4*sided, 
thickened;  lobes  reflexed,  wavy,  widely  ovate.  Fruit  ferruginous,  shortly  and  appressedly 
hairy. 

Madagascar,  common  in  the  forests  of  Tintingue ;  vernacular  name  Voane  SUac,  Bemier ! 
113. 

Foliage  of  2).  hms,  Bojer. 


167.    DiosPYROS  PRUiNOSA,  sp.  nov. 

D.  bracteis  exceptis  glaberrima,  foliia  aUemis,  ovatchovalibus,  utrinque  obtusis,  vix  coriaceis, 
brevissime  petiolatis,  nervia  inconapicuis ;  floribus  maacidia  aanllaribua,  breuiaaime  cymoaia; 
fructiima  aolitariia,  axiUaribua,  S-locularilma,  breviter  pedu/nculatia,  bracteoitia,  aubgloboaia,  cum 
caiyce  4 — o-fido  plicato  paiente  aticto  violaceo-pruinoaia. 

Quite  glabrous  except  the  small  shortly  and  slightly  ciliated  bracts ;  branches  pale  brown, 
terete.  Leaves  alternate,  ovate-oval,  more  or  less  obtuse  at  both  ends,  submembranous  or  sub- 
coriaceous,  of  a  rich  brown  colour  when  dry,  rather  paler  beneath,  1 — 2^  in.  long  by  J — 1^  in. 
wide ;  petioles  -Jg — ^  in.  long ;  veins  indistinct,  spreading ;  midrib  flat  above,  darker  beneath. 

rf.    Cymes  axillary,  3 — 8-flowered,  ^in.  long,  dark. 

5 .  Fruit  solitary,  axillary  on  the  young  branches,  shortly  globose,  J  in.  thick  by  f  in. 
high,  8-celled,  several-seeded,  as  well  as  the  calyx  violaceo-pruinose ;  peduncles  dark  ^ — Jin. 
long;  bracts  several,  ovate,  about  ^fein.  long;  calyx  plicate-patent,  1  in.  in  diameter,  4 — 5- 
(usually  4-)fid,  undulated;  lobes  widely  ovate  cordate,  apiculate  or  mucronate  at  apex. 

Madagascar,  Ste  Marie,  Boivin!  2538;  Port  Leven,  Veaco!  1850. 

168.    DioSPYROS  CUNEIFOLU,  Hb.  Delessert 

D.  foliia  altemia,  obovatia,  apice  rotundatia,  baai  cwneatia,  breviter  hiapidia,  aubaeaailihia, 
confertia;  fructibus  aolitariia,  auhgloboaia,  pilia  brevibua  hiapidia  aaperaia^  pedunculatia ;  caiyce 
fructifero  pubeacente,  5( — 6  Tj-partito,  lobia  oblongia,  patentibua. 
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Shoots  puberulous,  glabrescent  Leaves  alternate,  obovate,  subsessile,  crowded,  rounded 
at  apex,  cuneate  at  base,  shortly  hispid,  | — IJ  in.  long  by  about  J  in.  wide. 

9 .  Fruiting  peduncle  axillary,  solitary,  ferruginous-hispid,  ^  in.  long ;  fruiting  calyx 
6-(or  6-?)partite,  pubescent;  lobes  oblong,  spreadiog,  f  in.  long  by  J  in.  wide;  fruit 
solitary,  somewhat  depressedly  globose,  dark,  hovered  with  scattered  pale  short  hispid  hairs, 
about  I  in.  long. 

Mexico,  Pavon  in  Hb.  Delessert! 


169.    DiosPYROS  APEIBACARPOS,  Raddi,  Quarante  nuove  del  Brasile,  in  Atti  Soc. 
Modena,  Vol.  xviii.  p.  12.  n.  10  (1820). 

D.  foliis  cUtemis,  lanceolatiSf  acutiSf  supra  glabris,  svbtvs  viUoso-eericeis,  brevissime 
peUolatis;  baccis  depresais,  papiUis  adspersis  et  setis  crebris,  stibdecaspermis ;  caJyce  b-hho. 

Alph.  DC.  Prodr.  vnt  p.  239.  n.  96  (1844),  Mart.  Fl.  Bras.  vii.  p.  8  (1856)  excL  syn. 

A  tree  of  about  30  feet  high,  with  not  very  thick  trunk,  very  slightly  branched;  the 
young  branches  rather  setose  at  the  extremity.  Leaves  alternate,  lanceolate,  elongated  at 
the  apex,  entire,  smooth  above,  scattered  with  yellowish  hairs  beneath  which  are  closer 
along  the  midrib  and  round  the  margin.  Calyx  5-lobed.  Fruit  depressed,  scattered  with 
papillae  and  short  setulss  almost  like  the  haii-s  with  which  the  petioles  of  the  leaves  are 
covered,  size  and  shape  of  the  Apeiba  of  Aublet,  1 — 2  in.  thick,  8 — 10-seeded. 

Brazil,  Estrella  Mountains,  Baddi,  fruits  in  April;  Minas,  San  Francisco  River,  in 
woods,  Martins;  near  Borba  by  River  Madeira, -Bi^det 

Martins  in  FL  Bras.  VII.  (Eben.)  p.  8  states  that  this  plant  is  the  same  as  27.  sericea, 
Alph.  DC;  but  the  fruit  appears  to  be  different. 


170.    DlosPYKOS  (?)  XYLOPioiDES,  Mart,  in  FL  Bras.  vii.  p.  8.  n.  4  (1856). 

J),  ramvlis  suhdistichis  fulvo-  $t  apices  versus  albido-sericeis ;  foliis  subcoriaceis  lanceokUis 
CLCwninatis  basi  acutis  (20 — 36"'  long,,  3 — 5'"  lot,)  supra  ghhris,  suhtus  sericeis  piUs  ap- 
pressis  fleomosis  aJhis,  in  nervo  margins  petioloque  fvlvuUs;  floribus  aasillaribus  geminis 
temisve  bracteisque  fulvo-sericeis. 

Arborea.  Rami  cortice  tenui  deductili,  qualis  in  multis  Diospyris  obtinet.  Ramuli 
prsesertim  in  extremitatibus  dense  albo-  aut  fulvulo-sericei.  Folia,  tam  figura  quam  dispo- 
sitione  et  compage  ea  Xylopiae  frviescentis  et  nonnullarum  affinium  assimilantia,  supra 
saturate  viridia  nervo  impresso,  subtus  pilis  mollibus  appressis  in  margine  et  nervo  fre- 
quentioribus,  venis  vix  conspicuis. 

Flower-bud  sessile,  narrowly  campanulate,  Jin.  long;  calyx  trifid  or  tripartite,  glabrous 
inside,  lobes  ovate-lanceolate;  corolla  not  exceeding  the  calyx,  silky  outside,  puberulous 
inside,  tripartite  or  tripetalous,  valvate;  stamens  3,  erect,  with  hairy  lines,  filaments  short; 
ovaiy  rudimentary. 
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S.  America.    Guiana,  in  woods  (MarHus!), 

Scarcely  a  true  Diaspyros  and  nearer  to  Maba,  but  probably  neither,  and  perhaps  the 
tjrpe  of  a  new  genus.    The  foliage  is  exceedingly  like  that  of  Maba  sericea. 

Excluded  and  nominal  Species  of  Diospybos. 

Diospyros  acapulcensis,  Kunth  =  Jfa6a  acapulcensis. 

Diospyros  acuminata,  Wall.  List,  n.  4129  (1828 — ^32).    Cfr.  Laurineae. 

Diospyros  aJhens,  Fresl  =  ifa6a  aibens, 

Diospyros  amUgua,  Vent,  non  Sap.,  =  JS(>^0na  amhigua,  Vent. 

Diospyros  Berterii,  Alph.  DC,  =^  Maba  inconstans,  Griseb. 

Diospyros  cauliflora,  Mart,  in  Fl.  Bras.  vii.  p.  7  (1856),  non  Blume,  =  Maba  cauliflora. 

Diospyros  cerasifolia,  D.  Don,  Prodr.  Fl.  Nep.  p.  144  (1825)  =  Eurya  symphdna^  Blume. 

Diospyros  conduplicata,  Kunth  =  ifa6a  inconstans,  Griseb. 

Diospyros  cupulosa,  F.  Muell.  =  Maba  rufa,  Labill. 

Diospyros  fasdcvlosa,  F.  MuelL  =  Maba  fasdculosa,  F.  Muell. 

Diospyros  femminu,  Hamilt  ex  Alph,  DC.  Prodr.  viii.  p.  238.  n.  83  (1844),  =  Eurya 
symplocina,  Blume. 

Diospyros  frondosa,  Wall.  List,  n.  4125  (1828 — 32)  =  Bocaged  eUiptica,  Hook.  fil.  et 
Thorns. 

Diospyros  geminata,  F.  Muell.  =  Maba  geminata,  R  Br. 

Diospyros  grandifoHa,  WalL  ex  Voigt,  Hort.  Suburb.  Calcutt.  p.  345  (1845).  Name 
only, 

Diospyros  hexasperma,  Hasselt  =  ifo&a  eUiptica,  Forst. 

Diospyros  hirsuta,  Desf.  non  Linn,  fil.,  =  JBoyena  hirsuta,  Linn. 

Diospyros  humUis,  F.  MuelL  =  Maba  hvmilis,  R  Br. 

Diospyros  inconstans,  Jacq.  =  ifa6a  inconsUms,  Griseb. 

Diospyros  la/nceolata,  Poir.,  non  Wall.,  =  ifa6a  lanceolata. 

Diospyros  lycioides,  Desf  =  Royena  pollens,  Thunb. 

Diospyros  microcarpa,  Span,  in  Hook.  Comp.  Bot.  Mag.  L  p.  348  {nam^  only,  1835), 
non  Sieb. 

Diospyros  myrmecocarpus,  Mart.  =  Jlfa6a  myrmecocarpa. 

Diospyros  oblonga,  G.  Don,  Gen.  Syst.  Gard.  iv.  p.  40  (1837)  =  ?2).  venosa,  Wall. 

Diospyros  obovata,  Wight,  Icon.  t.  1226  (1850),  non  Jacq.,  =  Sapotacea. 

Diospyros  obtusifolia,  Bert,  non  Humb.  et  BonpL,  =  Maba  inconstans,  Griseb. 

Diospyros  psidioides,  Kunth  =  Maba  inconstans,  Griseb. 

Diospyros  pubescens,  Pers.,  non  Pursh,  =»  Royena,  hirsuta,  Linn. 
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Diospyroa  punctata,  KortL,  non  Decaisne,  =  Maba  punctata. 

Dioapyros  salicifolia,  Humb.  et  Bonpl.  =  ifofta  scUidfolia. 

Diospyros  sericea,  Alph.  DC.  =  Maba  sericea. 

Diospyroa  aericocarpa,  F.  Muell.  =  Maba  rufa,  Labill. 

Diospyroa  aerrata,  Hamilt.  ex  D.  Don,   Prodr.  FL  Nep.  p.  143  (1825)  =  Eurya  acumi- 
nata, DC. 

Dioapyroa  venoaa,  Wall.  List,  n.  4126  (1828 — 32)  =  ?  Anonacea. 

Dioapyroa  virginica  dulcia  =  Carpodinua  edulia,  Don.    Cfr.  Alph.  DC,  Prodr.  viii.  p.  329 

(1844). 

Dioapyroa  (sp.),  Salt!   Voyage  to  Abyssinia,  p.  14  (ISl^) ^Euclea  mrdtiflora,  var. 


V.    TETRACLIS,  gen.  nov. 

i.  Florea  dioeci,  Florea  cymoai,  tetrameri,  auhgloloai.  Calyx  depreaao-globoaua ;  lobia 
brevibua  depreaao-deltoideia,  prcefloratione  valvatia.  Corolla  camoaa,  ii-fida,  extua  puberula, 
intua  hirsuta;  lobia  prcefloratione  valvatia.  Stamina  circiter  30,  pleraque  geminata,  prope 
coroUce  baaim  inaerta ;  fllamentia  brevibua  compressia  pviescentibua ;  antheria  hiapidvlia  obhngia 
liberia,  lateraliter  biiocularibtta  ;  pollen  globoaum,  Iceve.     Ovarii  rudimentimi  nullum. 

9.  JBractece  caducoe.  Fructua  auperua,  solitariua,  pedunculatua^  aubgloboaua,  avhtomen- 
toaua,  ferrugineua,  carnoauay  8  (jyiocularia  et  -apermua;  pericarpio  craaao.  Calyx  profunde 
46-l6lm8i  a^ccreacena,  appreaaua,  aemina  pendvla  obUmga,  teatd  non  niUdd. 

Arbor  madagascariensis ;  foliis  coriaceis  altemis  simplicibus  integerrimis  exstipulatis  ; 
floribus  axillaribus,  apice  4  lineis  cniciatis  praefloratione  notatis. 


1.    Tetraclis  cluslefolu,  sp.  nov. 

T.  foliia  obhngia  vel  obovato-oblongia,  apice  rotundatia,  emarginatia  vel  breviter  acumi- 
natia,  obtusia,  baai  cuneatia,  aubglabria,  coriaceia,  petiolatia,  nervia  tenuibua,  crebria. 

Plate  XI.  A  fruiting  branch,  natural  size.  a.  A  male  inflorescence,  natural  size. 
6.  A  male  flower,  magnifi^  4  diameters,  c.  The  same  after  the  removal  of  the  calyx, 
magnified  4  diameters,  d.  A  vertical  section  of  a  male  flower,  magnifi/cd  6  diameters. 
e,    A  transverse  section  of  male  flower,   magnified  5  diameters. 

A  large  tree  with  young  parts  puberulous;  branches  dark,  somewhat  angular,  gla- 
brescent,  remotely  rugose-verrucose.  Leaves  oblong  or  obovate-oblong,  rounded  emarginate  or 
shortly  acuminate  at  apex,  cuneate  at  base,  with  recurved  margins,  subglabrous,  yellowish 
green  and  shining  on  both  sides;  midrib  depressed  above;  lateral  veins  close,  widely 
spreading,  very  feeble,  and    in   relief  on  both   sides    of    the  leaf;   [the    lateral    veins    on 
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the  lower  side  of  the  leaves  are  too  distinctly  rendered  by  the  lithographer  in  Plate  XL]; 
5 — loin,  long  (besides  channelled  petioles   | — lin.  long)   by  IJ — Sin.  wide. 

<J.  Cymes  on  young  branches,  shortly  subferruginous-pubescent,  bearing  3 — 10 
flowers,  J — J  in.  long  (not  including  the  flowers) ;  common  peduncle  i — J  in.  long  ;  pedicels 
-^ — Jin.  long;  flowers  I — Jin.  in  diameter,  pubescent.  Calyx  nearly  as  high  as  the 
corolla^  4-lobed  at  apex,  at  base  somewhat  4-sided  outside.  Corolla  puberulous  outside, 
hirsute  or  hispidulous  inside.  Stamens  30  (in  one  flower),  mostly  united  by  their 
filaments  in  pairs;  anthers  hispidulous,  filaments  hairy  inserted  near  the  base  of  the 
corolla;  pollen  globular,  smooth,  about  yj^in.   in   diameter.     Ovary  wanting. 

J.  Fruit  (unripe?)  solitaiy,  | — Jin.  high,  by  1 — IJin.  thick,  crowned  at  apex  by 
remains  of  4-partite  style ;  fruiting  peduncles  J — ^  in.  long,  thickened  upwards,  puberulous ; 
fruiting  calyx  4-sided,  softly  hairy  on  both  sides;  lobes  widely  ovate,  acute,  somewhat 
cordate  and  pouting  at  base,  reaching  half  the  height  of  the  fruit,  thickly  coriaceous. 

Madagascar,  Richard/  388,  Nossi-b^;   PervUU!  6, 


Fossil  EsENACEiB. 

About  60  specific  names  of  this  family  relating  to  fossils  have  been  published ;  the 
first  was  published  by  Dr  Alexander  Braun,  about  26  years  ago,  and  the  last  by  Prof.  W. 
Ph.  Schimper,  in  the  present  year  (1872).  All  these  fossils  occur  in  Tertiary  strata,  with  the 
exception  of  one,  namely  Diospyros  primceva  Heer  from  the  beds  of  Nebraska  in  North  America, 
which  beds  have  been  recently  referred  to  the  Cretaceous  period,  though  they  were  formerly 
supposed  from  the  facies  of  the  contained  flora  to  be  Tertiary.  The  majority  of  the  species 
have  been  founded  on  leaves  alone;  and  the  venation  of  these  no  doubt  accords  more  or 
less  closely  with  that  of  those  species  of  Ebenacese,  such  as  Diospyros  Lottie,  JRoyena  hirsuta, 
Efoclea  lanceolata,  &c.,  which  fossil  botanists  seem  to  regard  as  the  types  of  their  respective 
genera.  There  is  in  fia.ct  much  variety  of  venation  amongst  the  recent  species  of  the  family ; 
and  with  respect  to  recent  plants  it  is  quite  impossible  to  assign  to  the  family,  with  even 
a  moderate  amount  of  certainty,  a  given  leaf  of  an  unknown  genus.  A  few  of  the 
fossil  species  have  been  described  from  the  calyx  fruit  or  seed,  with  or  without  leaves; 
and  the  best  of  these  specimens,  such  as  those  which  have  been  named  Diospyros  brachy- 
sepcUa,  and  Euclea  relicta,  present  fair  evidence  of  belonging  to  the  structure  of  Ebenacess, 
while  even  in  these  instances  the  genus  cannot  be  properly  fixed,  and  other  families 
are  not  absolutely  excluded.  With  regard  to  many  of  the  fossil  species,  the  utmost 
inference  founded  on  reasonable  grounds  which  can  be  deduced,  is  a  £Eivourable  suggestion 
of  Ebenaceae  for  the  family  to  which  the  specimens  may  probably  belong ;  and  with  regard 
to  other  specimens  of  the  published  species,  it  appears  to  me  that  Ebenaceae  is  not  a 
probable  family  for  them.  It  would  be  much  the  better  plan  to  refer  all  fossils,  which 
have  nearest  affinities  to  Ebenaces9,  to  a  fossil  genus  EbenaciteSy  as  was  done  in  the  first 
instance  by  Saporta,  but  subsequently  relinquished  by  him  in  favour  of  Diospyros,  On  the 
whole  then,  as  T  place  but  little  confidence  in  the  determination   of   the  fossils,  I  wish   in 
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no  way  to  confirm  them  in  their  present  places;  but  since  th^j  have  been  pubhshed  as 
Ebenaceoas,  I  quote  them  as  they  stand,  with  the  addition,  in  some  cases,  of  additional 
particulars  and  remarks;  I  have  added  the  Sjmonymy  in  accordance  with  the  views  of  the 
"principal  authorities  in  fossil  botany,  and  have  drawn  up  artificial  keys  for  the  genera^ 
and  also  for  the  species  in  each  genus,  in  order  to  set  forth  the  distinctive  characters 
of  the  genera  and  species,  so  far  as  their  published  descriptions  allow,  and  to  found  a 
basis  for  their  systematic  arrangement. 

Key  to  the  Fossil  Genera. 
Leaves  small,  not  exceeding  lin.  long,  midrib  alone  robust  L    Boteka. 

Leaves  exceeding  1  in.  long ;  lateral  veins  more  or  less  clearly  marked. 
Calyx  4 — 5-merous. 

Leaves  narrowly  elliptical,  3 — 4t  in.  long;  narrowed  at  both  ends.    II.    EUCLEA. 
Leaves  ovate  lanceolate  oval  or  oblong  or  exceeding  4  in.  long.      III.  Diospyros. 
Calyx  3-merous.  lY.  Macreiohtia. 

Diospyros  hceringiana,  Ettingsh.  has  narrowly  elliptical  leaves  2 — 3|in.  long,  but  it 
was  published  previously  to  the  reference  of  any  fossil  to  the  genus  Miolea,  Fossils 
with  a.  trimerous  calyx,  especially  if  the  foliage  is  Ebenaceous,  have  been  referred  by 
authors  to  Macreightia,  a  genus  which  I  have  merg;ed  in  the  older  genus  Maba;  if 
then  they  still  merit  reference  to  a  recent  Ebenaceous  genus,  they  must  all  be  included 
under  the  genus  Maba, 


I.    Key  to  the  Fossil  Species  of  Boyena. 
Leaves  linear,  \  in.  broad. 
Leaves  oblanceolate  or  wider,  \ — |in.  broad. 
Leaves  oblanceolate  or  oblong,   1  in.  long. 
Leaves  oblanceolate. 
Leaves  oblong. 
Leaves  oval  or  round,  \ — ^|in.  long. 
Leaves  cuneate-orbicular. 
Leaves  ovaL 


1.    E.  Myosotis, 


%  R  grcBCCL 

S«  B.  AmalthecB. 

4.  &  euboea, 

5«  E.  FentOioL 
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1.    SoYENA  MYOSOns,  Ung.  Fobs.  FL  Eub.  in  Denkschrift.  Kais.  Akad.  Wissensch.  Math.- 
Naturw.  xxvn.  p.  69.  t.  xiv.  fig.  5—8  (1867). 

B.  fdiis  lineari-lanceolaiis  minimis  in  petiolum  brevem  ottentLatis  integris  coriaom, 
nervo  msdio  solo  distincto;  calyce  quinquelobo  qua;ttu>r  lineas  lato,  laciniis  iruxqiuiiilyus 
rotunddtis. 

Diospyros  Myosotis,  Ung.  Gen.  et  Sp.  PL  Fobs.  p.  436  (1860),.Syll.  PI.  Foss.  ni.  p.  28. 
t.  IX.  f.  13,  15,  (1866) ;  Schimp.  PaL  V^g.  n.  p.  952  (1872) ;  Web.  Pateontogr.  ll.  p.  190. 
t.  XIV.  f.  5  b,  non  {.5  a. 

In  Miocene  formations,  Eumi,  Negropont;   Eocene,  in  marly  schist,  Radoboj,  Croatia. 

Leaves  i — 1  in.  long  by  ^  in.  wide.  Calyx  ^  in.  in  diameter.  Cfr.  Porana.  According 
to  Prof.  Schimper,  Unger  has  comprised  several  different  plants  under  this  species,  and 
Ettingshausen  in  Sitzungsber.  Math. — Naturw.  Akad.  Wissensch.  xxxvni.  p.  492  (1858)*, 
has  shewn  that  the  leaf  which  Unger  described  and  figured  for  this  species  in  Foss.  Fl.  v. 
Sotzka,  p.  172.  t.  43.  f.  15  (1851),  is  a  leaflet  of  Cassia  phaseoUtes,  while  he  thinks  that 
Unger's  fig.  16  may  be  a  calyx  of  Celastrus. 

2.     BoYENA  oiL£CA,  Ung.  Foss.  FL  Eub.  in  Denkschrift.  Kais.  Akad.  Wissensch.  Math.- 

Naturw.  xxvii.  p.  68.  t.  xi.  fig.  40—51  (1867). 

B.  foliis  lanoeolato-linffvlaUs   bretnter  petidatis   integerrimis  coriaceis,    nervo    primario 

valido,  nervis   secundariis    tenuissimis    trcmsversissimis   ramosissimis ;    calyce  firma   patents 

semiquinquefido  decidtio,  Ulciniis  inosqualibus  owtto-a^cuminatis   extus  striatis  S-miUim,  longis, 

margvne  parvm  involutis;  drupA  siccd  qtuidrilocidarL 

Diospyros  grasca,  Saporta  in  BulL  Soc.  G^oL  France,  xxv.  p.  321  (1868). 

Schimp.  Pal.   V^.  ii.  p.   954.  n.   1    (1872). 

In  Miocene  formations  at  Kumi,  Negropont. 

Leaves  1  in.  long  by  -^in.  wide,  oblong,  obtuse,  cuneate  at  base;  petiole  very  short. 

3.    RoYENA  AMALTHEiE,  Ung.  Foss.  Fl.  Eub.  in  Denkschrift.  Kais.  Akad.  Wissensch.  Math.- 

Naturw.  xxviL  p.  69.  t.  xiv.  f.  1  (1867). 

B.  Jbliis  ovato4anceolatis  minimis  obtusis  in  petiolum  attenuatis  integerrimis  coria<seis, 
nervis  sectmdariis  crebris  tenuibus  ramosis  reticfulaJtMn  conjwnctis. 

Schimp.  Pal.  V^g.  n.  p.  955.  n.  2  (1872). 

In  Miocene  formations  at  Kumi,  Negropont. 

Leaves  oblariceolate  about  1  in.  long  by  J  in.  wide.    Cfr.  B.  grceca,  Ung. 

4.    RoYENA   EUBOEA,  Ung.  Foss.  Eub.  in  Denkschr.   Kais.  Akad.  Wissensch.   Math.- 
Naturw.  VoL  xxvii.  p.  69.  tab.  xiv.  fig.  2—4  (1867). 

B.  foliis  minimis  petioloitis  cuneaio-orbicularibus  coriaceis  integerrimis  nervo  primario 
valido,  nervis  secundariis  inconspicuis. 

Schimp.  Pal.  V^g.  II.  p.  955.  n.  3  (1872). 
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In  Miocene  formations  at  Kumi  in  N^ropont. 

Leaves  ^ — |  in.  long  by  { — |  in.  wide ;  petioles  ^ — ^  in.  long.    Of  quite  uncertain  family. 

5.    BoTEKA  Peihi'ELICI,  Ung.  Foss.  FL  Eub.  in  Denkschr.  E^s.  Akad.  Wissensch.  Math.- 
Naturw.  VoL  xxvii.  p.  70.  t.  xiv.  £  9  (1867). 
B.  foliis  minimis  ovato^Uipticia  peHoUoU  integerrimU  coriaceiSf  nervis  secumdariis  suJh 
$implicibus  fere  inconspicuis. 

Schimp.  PaL  V^g.  n.  p.  955.  n.  4  (1872). 
In  Miocene  formations  at  Eumi  in  Negropont. 

Leaf  fin.  long  by  ^in.  wide;  petiole  -j^in.  long.    Not  unlike  a  short  leaf  of  B.  glabra 
Im,  but  placed  in  this  genus  on  insufficient  evidenca 

II.    Ket  to  the  Fossil  Species  of  Euclea. 
Leaves  petiolate. 

Leaf  3  in.  long,  acuminate  at  both  ends.  1.    E.  miocenica. 

Leaf  4  in.  long,  narrowed  at  both  ends,  not  acuminate.  2.    S.  ApoUinie. 

Leaf  sessile.  3.    E.  relicta. 

1.    EucLEA  mocEKiCA,  Ung.  Syll.  PI.  Fobs.  hi.  p.  25.  t.  vni.  fig.  8,  8*  (1866). 

E.  foliis  lanceolaHs  tdrinque  acumincOis  petiokUis  integerrimis  coriaceis,  nervo  primaario 
ffdUdo,  nervis  secundariis  Jleamosis  ramosis  rete  nervorum  tertiariorum  haso  inter  se  conjtmctis. 

Heer  Mioc.  Bait.  FL  p.  84.  t.  xxvin.  fig.  8—8  (1869) ;  Schimp.  Pal.  V^g.  IL  p.  966. 
n.  1  (1872). 

In  marly  schist,  Croatia,  Vhger;  Rizhdft,  Samland,  W.  Prussia. 

Leaf  Sin.  long  by  fin.  wide;  petiole  3% in.  long.    Genus  and  family  quite  uncertain. 

•2.    EucLEA.  Apollinis,  Ung.  SylL  PI.  Foss.  ni.  p.  26.  t.  viiL  fig.  10,  10*  (1866). 

E.  foliis  lanceolatis  breviter  petiolatis  integerrimis  coriaceis,  nervo  primario  vaUdOf  nervis 
aeamdariis  crebris  flexuosis  ruTnosisque  rete  nervorum  tertiariorum  laaoo  inter  se  conjunctis. 

Bhododendron  ApoUinis,  Ettingsh.  ex  Ung.  Ic. 
In  marly  schist,  Eocene;  Radoboj,  Croatia^   Unger, 

Leaf  4  in.  long  by  fin.  wide;  petiole  scarcely  Jin.  long,  narrowed  at  both  ends.    Leaf 
very  like  E.  miocenica  Ung.  but  rather  larger.    Pro£  Schimper  unites  this  with  E.  miocenim, 

3.    EucLEA  BELiCTA,  Ung.  Foss.  Fl.  Eub.  in  Denkschr.  Kais.  Wissensch.  MatL-Naturw. 

VoL  xxvn.  p.  68.  t.  xi.  f.  39  (1867). 
E.  foliis  lanceolatis  utrinque  attenuatis   sessilibus  integerrimis  ooriaceis,  nervo  primario 
vaiido,  nervis  secundariis  angulo  subrec^  exorientHms  flexuosis  ramosissimis  in  retem  nervorum 
tertiariorum  laxum  divisis. 

Schimp.  PaL  V^.  IL  p.  956.  n.  2  (1872). 

In  Miocene  formations  at  Eumi  in  Negropont. 

Leaf  S^in.  long  by  -^in.  wide,  narrowed  at  both  ends;  of  quite  uncertain  family. 

35—2 
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III.    Key  to  the  Fossil  Species  of  Diosptbos. 

The  species  whose  leaves  have  been  described  may  be  arranged  as  follows. 

Leaves  more  or  less  narrowed  at  base^  or  if  sometimes  rounded  at  base  then  acuminate  at  apex. 
Leaves  acute  or  subacute  at  apex  (sometimes  obtuse  in  D.  hrachysepala). 
Petioles  short,  not  exceeding  J  in.  in  length. 

Leaves  reticulated,  secondary  veins  manifest,  branched* 

Leaves  membranous,  often  unequal  at  the  base.  1.    D,  anceps. 

Leaves  coriaceous,  equal  at  the  base. 

Leaves  2J — 3  in.  long,  ovate.  2.    D.  vetvsta. 

Leaves  about  6  in.  long,  oval-oblong.  3.    D.  Lavenu 

Secondary  veins  simple  or  subsimple,  manifest. 

Leaves  about  6  in.  long.  4. 

Leaves  about  7  in.  long.  6. 

Secondary  veins  obsolete.  6. 

Petioles  long. 

Lateral  veins  rather  distant. 
I  Tertiary  veins  transverse- 
I  Tertiary  oblique  or  in  various  directions. 
Midrib  very  stout;  net-veins  subobsolete. 
Midrib  moderate;  leaves  reticulated. 

Calyx  4-fid,  with  widely  ovate  or  rounded  lobes.    9. 
Calyx  5-pattite,  with  linear  lobes.  10. 

Lateral  veins  crowded,  11. 

Leaves  obtuse  or  .subobtuse  (sometimes  acute  .in  D.  va/rians). 
Leaves  lanceolate  or  ovate. 
Secondary  veins  serpentine. 
Secondary  veins  not  serpentine,  subremotei 

Leaves  about  3^ — 4^  in.  long,  membranous.  13. 

Leaves  about  2  in.  long,  subcoriaceous.  14. 

Secondary  veins  numerous,  not  serpentine. 
Leaves  J — 1 J  in.  wide. 

Tertiary  veins  reticulated.  16. 

Tertiary  veins  less  ramified*  16. 

Leaves  If  in.  wide.  17. 

Leaves  oval  or  elliptical. 
Leaves  2J — 3J  in.  long. 

Leaves  ^ — ^  in.  wide.  18. 

Leaves  IJ  in.  wide.  19. 

Leaves  1^  in.  long  by  |  in.  wide  20. 

Leaves  rounded,  not  cordate  at  base,  subobtuse,  not  rounded  at  apex. 

Calyx  4-partite  with  oblong  lobes;  leaves  oval,  subcoriaceous.  21.    D.  atenosepala. 

Calyx  deeply  4-fid,  with  widely  elliptical  lobes ;  leaves  oval-oblong, 

coriaceous  22.    2>.  hiliniccL 

Leaves  rounded  at  both  ends,  not  cordate  23.     D.  oblongifolia. 

Leayes  cordate  at  base.  24.    D.  Pariherum^ 


D.   Wodani. 
D.  Lignitv/m, 
D.  Weberil 


7.    D.  dUukana. 


8.    2?.  incerta. 


D,  hrachysepala. 
D.  paradisiaxxL 
D.  lotoides. 


12.    D.  primcBtfa^ 


D,  Aimcula^ 
D.  duMa. 


D.  varians. 
D.  obscura. 
D.  palceogcea. 


D.  hcBringiam. 
D,  pannonica. 
D,  Boyena, 
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25.  2>.  obliqua  with  linear  lobes,  and  26.  Ebenadtes  rugosna  with  wider  lobes,  are  known 
only  from  the  calyx;  and  27.  D.  ZoUikoferi  is  described  from  a  cluster  of  seeds  only. 

1.    DioSPYiftos  ANCEt»s,  Heer,  FL  Tert  Helvet  ill.  p.  12.  t.  en.  fig.  16—18  (1859). 

D.foliis  wato-eUipticis,  apiee  dcuminaUst  basi  obtusis,  membranaceis,  hio  iUic  incBquilateris, 
integerrimis,  petiolcLtis,  nervis  secundariis  remotiuscvlis,  sub  anffuio  sat  aperto  egredientibus, 
curvatis,  ramasis,  ipsis  et  ramis  arciuito-conjunctis,  rets  laxo. 

Gaudin  et  Strom  M^m.  Foss.  Tosa  IL  p.  61.  n.  48.  t.  vii.  £   6  (1859);  Heer,  Mioc. 
Bait.  Flora,  p.  84.  t.  xxvil.  fig.  7—9  (1869) ;  Schimper,  PaL  V^.  n.  p.  948.  n.  12  (1872). 
Miocene;   Germany  and  Tuscany. 
Leaves  acute  or  subacute,  li-*-3J  in.  long  by  | — If  in.  wide ;  petioles  J — ^  in.  long. 

2.  BIOSPYKOS  VETTJSTA,  Giebel,  Fl.  Sachs.  Thiiring.  BratmkohL  in  Zeitschr.  xvi.  p.  57  (I860)* 

D.  foliis  aUemis,  ovato-elliptids,  apice  cusutis  vd  acuminaiis,  basi  angustatis,  coriaceis, 
nervis  secundariis  subtilissimis,  areis  retuytdatis;  fructu  globoso,  b-angulaiOy  S-spermo;  calyce 
Jhidifero  patents,  S-fido,  lobis  rotundaiis. 

Heer,  Sachs.— Thiiring.  Braunk.  p.  10  [416].  n.  24.  t.  vn.  £  1—6  (1861).  Schimp.  PaL 
V^.  iL  p.  946.  n.  6  (1872). 

Eocene;   Lignites  of  the  Ligurian  strata  of  Skopau  in  Thiiringe^  Saxony. 

Leaves  2J — Sin.  long  by  -^ — 1^  in.  wide;  petiole  about  i^  in.  long;  calyx  |  in.  in 
diameter;  fruit  |  in.  in  diameter. 

3.  DiosPYBOS  LovENi,  Heer,  Fl.  Foss.  Arct.  p.  118.  t.  vil.  fig.  7  J,  c,  8,  t.  XLvn.  fig.  8  (1868). 

D.  foUis  firmis,  coriaceis,  integerrimis,  nervis  secundariis  remotis,  sub  angulo  acuto 
egredientibus,  valde  camptodromis,  ramosis,  areis  argute  reticuUUis. 

Schimp.  Pal.  Veg.  il.  p.  949.  n.  15  (1872). 

Miocene;  Atanekerdluk,  North  Greenland. 

Leaves  perhaps  6  in.  long  by  If  in.  wide,  areolate^  elliptic-oblong. 

4.    DiosPYROS  WoDANi,  Ung.  Gen.  et  Sp.  PL  t'oss.  p.  435.  n.  2  (1850). 

D,  foliis  ovatO'oUongis,  apice  acvminatis  basi  attenu>atis  petiolatis  integerrimis  membror 
ndceis,  nervo  medio  vaiido,  nervis  secmidariis  remotis  subsimplicibus  sursum  arcuatis  tenuibus; 
baccd  ghbosd  exsuccd  semipoUicari,  calyce  quinquelobo  dedduo  patents,  laciniis  Umceolatis 
obtusis  striatis  poUicaribus. 

Ting.  SylL  PI.  Foss.,  pug.  iii.,  in  Denkschrift.  Kais.  Akad.  Wissensch.  Math.-Naturw. 
XXV.  p.  27i  t.  IX.  fig4  10—12  (1866),  Ettingsh.  Beitr.  z.  Foss.  Fl.  v.  Radoboj,  p.  65,  Schimp. 
PaL  V^g.  n.  p.  951.  n.  22  (1872). 

Plumeria  Flos-satumi,  Ung.  Gen.  et  Sp.  PL  Foss.  p.  433  (1850) ;  SylL  PL  Foss.  iii. 
p.  27.  t.  IX.  fig.  10—12  (1866). 

Anona  ToacrophyUa,  TTng.   Gen.  et  Sp.  PL  Foss.  p.  442.  n.  3  (1850). 

Eocene;   in  marly  schist,   Badoboj,   Croatia. 

Fruit  I  in.  in  diameter;  calyx  deeply  5-lobed,  If  in.  in  diameter,  patent;  lobes  narrowly 
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elliptical,  obtuBe,  striate,  | — |  in.  long  by  \ — ^  in.  wide.     Leayes  about  6  in.  long.     Of  un- 
certain family. 

5.    DioSPTBOS  LiGNiTUM,  Ung,  Syll.  PL  Fosa.,  pug.  iii.,  in  DenkschrifL  Kais.  Akad. 
Wissensch.  Math.-Naturw.  xxv.  p.  30.  t.  IX.  f.  9  (1866). 

D.  foliia  ovcUo-obUmgis  utrinque  attenvatis  petiolatis  integerrimia  membranaceis,  nervo 
primario  vaMdo,  nervis  aecwndarm  distantibus  simpUdbus  ramoaisgue;  seminibua  auborbicuUm" 
oblonffis  obtuais  Icavibua  compreaaia,  chcdazd  parvd  immerad. 

Anona  Lignitum,  Ung.  l.c.,  pug.  i.  p.  25.  t.  x.  fig.  1 — 7  (1861),  Gen.  et  Sp.  PI.  Foes. 

p.  441  (1850). 

Miocene;  lignite  of  Salzbausen  in  Wetterau  and  Frofajach  in  Styria 

Leaves  7  in.  long  by  If  in.  wide ;  seeds  |  in.  long  by  -^^  in.  broad.    The  seed  is  not 

typical  of  the  family.    Not  given  by  Schimper  in  his  TraiU  de  PalAmtologia  vigOale  among 

the  Ebenacese. 

6.    DiosPYKOS  Weberh,  MassaL  Syll.  PI.  Foss.  Tert  Venit  p.  77  (1859). 

D.  foliia  (?)  ovatia  acutia  aubpetiolaMa  integerrimia,  nervo  primario  vcdido,  nervia  aectmdariia 
nuUia ;   calyce  quinquelobo  deciduo  minimo  patente,  laciniia  apictdatia. 

D.   Myoaotia,   Web.   Tert.   Fl.    Niederrhein.    BraunkohL    in    Dunker   et  Meyer,    Beitr. 
Naturgesch.  Vorwelt,  Vol.  IL  p.  19.  t  xrv.  fig.  6  a  (1852),  non  Ung. 
In  Tertiary  formations,  Italy,  &a 
Calyx  ^  in.  in  diameter.    The  leaves  (at  least)  probably  belong  to  Sayena  Myoaotia^  Ung. 

7.    DiosPTBOS  ALASKiNA,  Schimp.  PaL  V^g.  ii.  p.  949.  n.  17  (1872). 

D.  foliia  eUipticia  utrinque  acutia,  aubcoria^ceiaj  nitidia,  integerrimia,  longe  petiolatia,  nervo 
medio  valido,  nervia  aecundariia  aTihtUibiia  {validia  ex  Leaq),  avperioribm  aitemcmiibua, 
inferioribua  oppoaitia,  omnibua  vcUde  cttrvatia  camptodromia  aub  angulo  acuto  egredientibua, 
a/reia  nerwlia  tranaveraia  obaoletia  ramoaia  reticulatia. 

D.  landfolia,  Lesquer.  in  Sill.  Amer.  Joum.  ser.  ii  vol.  xxvil.  p.  361.  n.  18  (Maio, 
1869) ;  Heer,  Foss.  Pfl.  v.  Van  Couver  u.  Brit.  Columb.  p.  8.  t.  i.  f.  10—12,  n.  f.  1—3 ; 
Fl.  Foss.  Alaskana,  p.  35.  t.  IIL  f.  12  (1869) ;  non  Al.  Br. 

D,  lanceolata,  **Lesq."  ex  Schimp.  l.c.,  non  Poir. 

British  Columbia  and  Neniltschik  (Alaska) ;  Billingham  Bay,  Washington  Territory, 
N.  America. 

Leaf  4  in.  long  by  1 J  in.  wide ;  petiole  J  in.  long. 

8.    DiosPYROS  INCERTA,  Massalongo,  Synops.  Fl.  Foss.  SenigalL  p.  76.  n.  187  (1858). 

D.  foliia  ovato-kunceolatia  vtrinqjie  attenuatia  a^cuminatia  petiolatia  penninerviia  integerrimia, 
coatd  vaiidiaaimd,  nervia  aecu/ndariia  rectiuaculia,  aub  angulo  45 — 50°  exorientibus  aubasqui' 
diatantibua,  aubra/moaia,  apice  bifurcatia,  arcwatim  conjunctia,  nervulia  veniaque  aubobaoletia. 

Massal.  Fl.  Foss.  Senigall.  p.  296.  t.  xxvi— xxviL  fig.  6,  29  (1869). 
Miocene;  Senigallia»  Italy. 

Leaves  4 — 4^  in.  long  (including  petiole  | — ^  in.  long)  by  1^  in.  wide.  The  specific 
name  is  more  suitable  than  the  generic. 
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9.  DiosPTBOS  BKACHYSEPALA,  Al.  Br.  in  Leonh.  et  Bronn,  Neues  Jahrb.  fur  Mineral 

1846,  p.  170. 

D.  foli%B  eUiptico-obhrigiSf  apice  obtuse  vd  acute  angustdtis  vd  acuminatie,  basi  cuneatie 
f)d  obtusis,  eubcoriaceia  vd  eubmembranaceis,  itUegerrimis,  petiolatis^  penninerviis,  nervis  secun-- 
dariia  altemaniibu8y  remotiuecuits,  eub  angvlo  acuta  vd  recto  egredientibus,  curvoitie  ramosis, 
ipsis  et  ramie  doi^salibtte  marginem  vereua  arauito-conjunctie,  brochiodromis ;  calyce  quadrifido, 
medio  cicatrice  annulari  impresed  notato,  lobie  brevibus^  UUe  ovatis  vel  rotundiSy  apicuUUie; 
baccd  exeuccdy  eemipoUicari. 

T7ng.  Blatt  Swoesowice  in  Nat.  AbL  Qesamm.  t.  xiY.  f.  15  (1849) ;  Heer,  Miocene  Baltische 
Flora,  p*  84.  n.  66.  t.  xxviL  fig.  1—6,  t  xxvin.  £  1.  (1869),  FL  Tert.  Helvet.  ill.  t.  en.  fig. 
1—14  (1859),  FL  Fobs,  Arct.  p.  117.  t.  xv.  £  10—12,  t  xvn.  £  6  h,  i,  t.  XLVii.  fig.  4  6,  c,  rf, 
6—7  (1868),  Braunk.  Bomstadt  in  Abh.  Nat  Halle,  t.  in.  fig.  7,  8  (1869),  PhiL  Trans,  vol. 
159.  pt  II.  p.  475.  n.  48.  t  L.  £  13,  t.  LV.  £  8  (1870) ;  Sismonda,  Pal.  Pi^m.  p.  55.  t  XI. 
£  6,  t  XVI.  £  5,  t  XIX.  £  3  (1865) ;  EttingsL  Foss.  Fl.  Bilin,  in  Denkschrift.  Akad.  Kais. 
Wiflsensch.  MatL-Naturw.  Bd.  xxvin.  p.  232.  t.  xxxvni.  £  28,  t.  xxxix.  £  1  (1868); 
Schimp.  Pal.  V^g.  ii.  p.  949.  n.  18  (1872). 

Tetrapterie  Harpgiartm,  Ung.  Foss.  FL  v.  Soteka,  p.  46,  t.  xxix.  fig.  9  (1850),  in  Denkschr. 
Bd.  n.  t  L  (1851). 

Getonia  petrceceformis,  Ung.  Foss.  FL  v.  Sotzka,  t.  xxxni.  £  2—4,  in  Denkschr.  Bd.  ll. 
t.  Liv.  (O.  petrcBOifolia  ex  Schimp.  I  c.) 

0,  mMToptera,  Ung.  Foss.  FL  v.  Soteka^  t.  xxxill.  fig.  8,  in  Denkschr.  Bd.  n.  t.  Liv. 

O.  truncatoy  Goepp.  Tert.  FL  v.  Schossnitz,  p.  37.  t.  xxv.  fig.  11  (1856). 

2).  lanci/olia,  A  Br.  ex  Bruckm.  FL  Oening.  Foss.  in  Jahr.  Ver.  Nat  WUrtemb.  p.  232 
(1850),  non  Lesq. 

D.  langifolia,  "AL  Braun''  ex  Stizenb.  Verst  Baden,  p.  83  (1851). 

Arbutus  diospyrifolius,  MassaL  Lett.  Scarab,  p.  29.  n.  203  in  Ann.  Sc.  Nat  Bologn. 
(1854J;  Fl.  Fosa  SenigalL  p.  296.  t  xxvi— xxth.  £  3,  t  XLV.  £  7  (1859). 

2>.  hngifoUa,  "Stiz."  ex  Heer,  FL  Tert.  Helvet.  in.  p.  11  (1869),  non  Spruce. 

D.  latifolia,  "Al.  Br."  ex  Schimp.  Pal.  V^.  n.  p.  949  (1872). 

Upper  middle  and  lower  Miocene  formations;  North  Greenland,  W.  Prussia,  France, 
Switzerland,  Italy. 

Leaves  \\ — 5  in.  long  by  f— 2  J  in.  wide ;  petioles  ranging  up  to  |  in.  long.  Calyx  \ — \  in. 
in  diameter. 

10.  DiosPYBOS  PARADISIACA,  Ettingsh.  Foss.  Fl.  Bilin  in  Denkschrift.  Akad.  Wissensch. 

Math.-Naturw.  xxvin.  p.  234.  t.  xxxvin.  fig.  29—81,  34  (1868). 

D.  foliie  kuiceolatis,  utrinque  angusUUisy  basi  acutis,  integerrimis  m^miranaceie,  petiolatisy 
nervo  primario  disHncto  recto,  nervte  seoundariis  tenuibus,  in/erioribus  sub  angvlo  45*,  msdiis 
jst  superioribus  sub  angtdis  obtasioribus,  arcuhus  laqueorum  maculis  extemis  instructis,  nervis 
tertiariis  tenuissime  dictyodromis  {  baqcd  ovided,  exsuccd;  calyce  5-partito,  patente,  dedduOt 
laciniis  lineartbus  obtusis,  nervoeo'^striatie,  vise  semipoUicaribus. 
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Schimp.  PaL  V^.  ii.  p.  946.  n.  5  (1872). 
Miocene;  Tripoli  de  Eutschlin,  Boliemis^. 

Leaf  3  J  in.  long  or  more  by  ^in.  wide;  petiole  |in.  long;  calyxJobes  i — Jin.  long 
by  -^ — Jin.  wide;  fruit  (?)  fin.  long. 

U.    DiosPTROS  LOToroES,  TJng.  SylL  PL  Fosg.,  pug.  in.,  in  D^nkschrift.  Kais.  Akad. 
Wissensch.  Math.-Naturw.  xxv.  p,  30.  t  x.  fig.  1—12  (1866). 

27.  Jbliis  lanceolato-oblangis  utrinque  aitenuatia  longe^tiolatist  margtne  phis  miniM  undidato, 
ifUegerrimts  plurinerviis,  nervo  primarto  valtdo,  nervis  secundarits  crebris,  mb  anguh  plus  minus 
acukto  emissis,  margtnem  versus  area  brevi  oonjuncttSf  apice  se  conjunctisj  nervis  tertiariis  trans' 
versalibus  utplif,rimum  dbsoletis  vel  parum  conspicuisy  calyce  minimo^  ^-fido^  pcU^t^,  ladniis 
rotundatis. 

tJng.  Foss,  Fl,  d.  alt  Braunk.  d.  Wetterau,  p.  59  ;  Schimp.  PaL  V^g.  IL  p.  951.  n.  ?0  (1872). 

Borraginites  myosoUfiorus^  Ludw,  Palseontogr.  in  Mey.  Beitr.  Naturg.  Yorw.  vnj.  p.  116 
(1860). 

Miocene;  lignite  at  Wetterau,  Germany. 

I^eaves  3-r-6Jin.  long  by  | — If  in.  wide;  petiole  ^^IJin,  long.  Apparently  not  Ebe-' 
naceous.    Cfr.  Juglans  acuminata,  Ludw.  and  J.  ventrioosat  Ludw. 


12.    DiosPTROS  PRIMJESVA,  Heer,  PhylL  Cr^t.  der  'Nebraaka^  p.  19.  t  I.  fig.  6,  7» 

D,  foliis  obhngo-ovalilms,  apice  ohiusiuscuUs^  integerrimia ;  nsrvis  secundariis  serpentinis, 
ramosis,  camptodromis. 

Schimp.  Pal.  V^g.  n.  p.  948.  n.  14  (1872). 
Upper  cretaceous  deposits  (?)  in  Nebraska,  N.  America. 

D.  dnceps  of  the  Miocene  of  Europe  and  2).  alaskana  of  the  molasse  of  North  America 
greatly  approach  this  species  from  Nelftraska. 

13.    DIOSPTROS  Auricula,  Ung.  Qen.  et  Sp.  PL  Foss.  p.  436  (1850),  Syll.  PL  Foas.  iiu 

p.  26.  t  IX.  f.  1—4. 

2).  foliis  ovaiis  tUrinque  attemujiMs  integerrimis  memhranaceis^  nervo  primario  vaUdOy 
nervis  secundariis  svbremotis,  sub  angulo  acuto  egredientibvs,  sursvm  repetiUharcuaixHmastO' 
mosatis,  svbarcuatis,  apice  ramosis;  calyce  quadrifido  vd  qainqaefido  deciduo  patente,  tacintis 
subquadratis  emarginatis  bast  callosis  striatisque  semipoUicaribus. 

Schimp.  Pal.  V^g.  li.  p.  947.  n.  10  (1872). 

D.  aurioulata,  Stiehler,  Synops.  Pflanz.  Vorw.  i.  147  (1861),  non  Wight 

Eocene;  Croatia,  in  marly  schist  at  Badoboj. 

Leaves  somewhat  narrowed  at  both  ends,  obtuse  at  apex,  8|--4f  in.  long  by  1| — Ij^in. 
wide ;  petiole  -^ — ^  in.  long ;  calyx-lobes  i  in.  long.  The  characters  given  agree  with 
Diospyros. 
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14.    DiosPTBOS  nUBiA,  Goeppert,  Tert  FL  Java^  p.  47.  t  xii.  f.  72  (1864). 

D.  foliia  ovatis  suhohtuaia  subcariaoeis  integerrimis  perminerviia,  nervis  secwndariia  aUer- 
ruinitbus  subremoHs  aub  angvlo  cbcvto  60*  circa  exorientibus  adacendentibus  curvatia  ramoaia, 
ramulia  tmte  marginem  in  maculaa  tra/naeuntibiu  in  rete  aolutia, 

Schimp.  PaL  V^.  li.  p.  947.  n.  9  (1872),  non  Wight. 
Pliocene?;   Pesawahan,  Java^  Jtmghuhn  353. 

Leaf  (estimated  firom  a  fragment)  probably  about  2  in.  long  by  1  in.  wide.  Family 
quite  conjectural. 

15.  BlosPTROS  YARIAKS,  Saporta  in  Ann.  Sc.  Nat.  ser.  v.  vol.  in.  p.  111.  t.  ly. 

fig.  14,  t  VI.  fig.  4  (1866),  voL  vin.  p.  91.  t  x.  fig.  7,  8  (1867). 

D.  fcliia  lanceolatia  dUptida  obUmgo-lcmceolatia  vel  ovatis,  apice  obtuaia  quandoque  breviter 
aitenuatia,  baai  parwn  incaqiudibtM,  aubcoriaceia,  bretni^r  petioUxUa,  integerrimia ;  petioh  trana- 
verae  rugoao;  nervo  primario  vcUde  expreaao;  nervia  aecundariia  tenuSma  numeroaia  reticulatia; 
nervia  tertiariia  in  rete  flexuoao  aubtiliter  ventdoao  coeuntibua. 

Schimp.  PaL  V^.  ii.  p.  944.  n.  1  (1872). 

Tertiary;  S.E.  France,  frequent. 

Leaves  2iin.  long  by  Jin.  wide,  3jin.  by  IJin.,  SJin.  by  fin. 

16.  DiosPTBOS  OBSCUBA,  Sap.  Etud.  n.  p.  283  in  Ann.  Sc  Nat  ser.  v.  vol.  iv. 

p.  138  (1865). 

D.  fcliia  lomceolatia,  coriaceia^  bremUr  lateque  petiolatia;  nervo  primario  vaiidOf  aecun- 
dariia obliquia,  aeoua  marginem  areolatia^  inconapicuia* 

Schimp.  PaL  V^g.  ii.  p.  947.  n.  8  (1872). 

Upper  Tertiary;  S.K  France,  Armissan;  rare. 

Only  diflfers  fix)m  D.  variana  by  thicker  and  little  longer  petiole,  by  the  more  regularly* 
lanceolate  leaves,  and  by  the  less  ramified  secondary  ascending  veins,  which  are  united  near 
the  margin  by  very  obtuse  curves. 

17.    DiosPYBOS  PALJEOG-fiA,  Ettingsh.  Foss.  FL  Bilin  in  Denkschrift.  Akad.  Wissensch. 
Math.-Naturw.  xxvm.  p.  233.  t.  xxxviii.  f.  24—26,  32  (1868). 

D.  foliia  ovalibua,  obtuae    acwminatiay  baai  anguatatia,  integerrimia,  coriaceia,  petiolatia^ 

4 6  poUicea  longia,  nervo  primario  diatincto,  nervia  aecundariia  crebria,   tenuibua,  Jleanioaia, 

ramoaia;  baccd  globoad,  exaiu>cd,  fere  poUicari;  caiyce  firmo,  quinque-partito,  poMmU,  deciduo, 
aemipoUicari,  laciniia  ovaio4anceolatia,  acuminatia, 

Schimper,  Pal.  V^.  voL  ii.  p.  946.  n.  4  (1872). 

Miocene;  Tripoli  de  Kutschlin,  Bohemia. 

Leaf  4f  in.  by  IJin.  wide;  petiole  Jin.  long;  calyx  nearly  fin.  in  diameter. 
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18.    DIOSPYBOS  HiERiNGiANA,  Ettingsh.  Tert.  FL  Haring,  p.  61.  t  xxi.  f.  26, 

t  xxiL  f.  11  (1851). 

D.  foliia  lanceolatia  vd  elongat<hl(mceoUiti8,  petiolatis,  iniegerrimis,  sub-coriaceis^  utrinque 
angtistatis,  petiolo  rugoso;  nervatiane  dictyodroma^  nervo  primario  valido,  nervis  secundariia 
tenuilms,  sub  angrdo  60 — 80^  orientibm^  arcuatis,  ramosis;  calyce  ^-fdoy  segmentis  parum 
productis,  acutis, 

Saporta  in  Ann.  Sc.  Nat.  ser.  iv.  vol.  xix.  p.  72.  t.  ix.  f.  1  (1863) ;  Schimper,  Pal. 
V^.  n.  p.  945.  n.  2  (1872). 

Tertiary;  in  calcareous  bituminous  schist  at  Haring,  Tyrol;  marly  beds,  S.K  France. 

Leaves  1{ — 3 J  in.  long  by  ^ — i^in*  wide,  narrowly  elliptical,  obtuse  at  apex;  calyx  J  in. 
in  diameter. 

19.    DiosPTEOS  PANNONICA,  Ettingsh.  Foss.  Fl.  Wien,  p.  19.  t.  ni.  f.  8  (1851). 

2>.  foliis  elliptids,  basi  angustwribua,  integerrimis,  petiolatis,  nervis  secundariis  undvlatiSy 
sub  anguh  50 — 60®  arientilms,  apice  ramosis  et  in  rete  abeuntibus,  nervis  reticulatis  e  nervo 
primario  sub  angulo  recto,  e  nervis  secundariis  sub  anguh  acuto  egredientibus,  ramosis, 

Scbimper  doubtfully  unites  this  to  D.  anceps,  Heer. 

Vienna,  in  marly  schist. 

Leaf  2f  in.  long  by  1 J  in.  wide.  Very  like  leaf  of  D.  brachysepala,  but  apparently  more 
obtuse. 

20.    DiOSPTROS  ROYENA,  XJng.  Syll.  PI.  Foss.,  pug.  iii.,  in  Denkschrift.  Kais.  Akad. 
Wissensch.  Math.-Naturw.  xxv.  p.  29.  t.  IX,  fig.  18,  19  (1866). 

Z).  foliis  ovalibus  breviter  petiolatis  int^errimis  sesquipollicem  hngis,  nervo  primario 
distincto,  nervis  secundariis  crebris  tenuHms  ramosis ;  calyce  firmo  quinquelobo  patents  dedduo 
semipoUicari,  laciniis  acuminaJbis. 

Schimp  Pal.  V^.  ii.  p.  952  (1872). 

In  marly  schist;  Badoboj,  Croatia. 

Leaves  l^in.  long  by  |in.  wide;  petiole  -^in.  long.  Calyx-lobes  -^in.  long  by  ^in. 
wide.     Family  quite  uncertain. 

21.    DiosPYBOS  STENOSEPALA,  Heer,  FL  Foss.  Alaskana,  p.  35.  t.  vin.  fig.  7,  8  (1869). 

D,  foliis  ovalibus,  ba^  rotundatis,  iniegerrimis,  subcoriaceis ;  calyce  Jructifero  quadrtpartito, 
lobis  oblongis,  apice  rotundaiis. 

Schimp.  PaL  V^.  ii.  p.  949.  n.  16  (1872). 
Miocene;  English  Bay,  Alaska,  N.  America,  Furuhjelm. 

The  shape  and  size  of  the  calyx  correspond  with  those  in  D.  brachysepala,  but  the 
lobes  are  longer  and  narrower.    Calyx  }  ia  in  diameter;  leaves  1}  in.  wide. 
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22.    DiosPYROS  BIUNICA,  EttmgsL  Foss.  FL  Bilin,  n.  p.  45,  in  Denkschrift.  Akad. 
Wissensch.  Math.-Naturw.  xxviii.  p.  233.  tab.  xxxix.  fig.  17,  18  (1868). 

D.  jbliia  coriaoeia,  obloTigo-eUipiicia,  crassiuscule  petiolatia^  basi  roiwndatia,  apice  sub- 
obtusisy  integerrimis,  nervo  primario  basi  vaiido,  apicem  versus  sensim  cuagustoito,  nervis 
secundariis  svh  angulis  acutis  orientibus,  tenuissimis,  svbremotis,  nervis  tertiariis  obsoletis; 
calyce  profwnde  quadrifido,  decidtu),  patente,  minimo,  laciniis  ovcUibtis,  Umgit/udinaUter  nervoso- 
striatis,  basi  coarctaiis, 

Schimp.  Pal.  V^.  n.  p.  947.  n.  10  (1872). 

D.  bohemica,  Schimp.  Ic.  p.  946.  n.  3. 

Miocene ;  menilite-opal  of  the  vallej  of  Schichow  near  Bilin,  Bohemia. 

Leaf  4  J  in.  long  by  If  in.  wide;  petiole  fin.  long.  Calyx  J — |in.  in  diameter,  lobes 
rounded.  The  leaf  much  resembles  that  of  D.  Auricida,  Ung.,  but  differs  by  the  more  con- 
siderable thickness  of  the  petiole  and  midrib. 

23.  DiosPTROS  OBLONGIFOLIA,  Heer,  Braunk.  von  Bomstadt  in  Abhandl.  d.  Nat. 

Gessellsch.  zu  Halle,  xi.  Bd.  p.  17.  t  IIL  f.  9  (1869). 

D.  foliis  obhngis,  utriiique  obtusisy  integerrimis;  nervis  supraba>silarSms  uUra  medium 
productis,  coBteris  utrinque  4  remx>tis,  patentioribits,  apice  cum  nervis  tertiariis  transversis 
arcuato-conjtmciiSy  nerwlis  e  nervo  msdio  et  e  nervis  secundariis  sub  angulo  redo  emissis, 
inter  se  paraUdis,  reticvio  minuto. 

Schimp.  PaL  V^g.  n.  p.  950.  n.  19  (1872).' 

Eocene;  Bomstadt  near  Eisleben,  Saxony,  about  N.  Lat.  51^^ 

Leaf  nearly  3  in.  long  by  rather  more  than  1  in.  wide,  rotmded  at  both  ends. 

24.  DiosPYROS  Parthenon,  Ung.  Syll.  PL  Foss.,  pug.  iii.,  in  Denkschrift.  Kais. 

Akadx  Wissensch.  MatK-Naturw.  xxv.  p.  29.  t.  ix.  f.  8  (1866). 

D.  foliis  ovato-acuminatis  ba>si  svhcordatis  integerrimis  membranaceis  longe  petiolatis, 
nervo  primario  vaiido,  nervis  secwndariis  crebris  tenuibus  subpatentibus  apice  diviso  anasto- 
mosatis. 

Schimper,  Pal.  V^.  II.  p.  948.  n.  13  (1872). 
Miocene;  lignite  at  Wetterau,  Germany. 

Leaf  4 in.  long  by  l^in.  wide;  petiole  ||in.  long.  The  long  petiole  associated  with  a 
subcordate  leaf-base  is  not  suggestive  of  Ebenace®. 

25.    DIOSPYROS  OBLIQUA,  Ung.  Syll.  PL  Foss.,  pug.  iii.  in  Denkschrift.  Eais.  Akad. 
Wissensch.  Math.-Naturw.  xxv.  p.  29.  t.  ix.  fig.  17,  17*  (1866). 

D.  calyce  guinquelobo  dedduo  minimo  patente,  laciniis  e  basi  lata  angustatis  linearibvs 
cbtusis. 
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Schimper,  Pal.  V^.  ii.  p.  951.  n.  23  (1872). 
In  marly  schist,  Radoboj,  Croatia. 

Calyx  about  ^  in.  in  diameter ;  lobes  about  i  in.  long.  Like  Royena  Myosotis,  Ung.,  but 
calyx-lobes  narrower.    Cf.  Porana. 

26.  Ebenacites    bugosus,   Sap.   in   Sap.   et  Math.  Exam.  Anal.  FL  Tert.   Provence, 

p.  31  (1861). 

E.  foliis  (?)  ovaHs,  petiolatis,  integerrimis ;  nervia  secwndariia  curvatis,  nervis  terHariis 
sinuosis  transversim  reticulatia;  floribua  vmisexualibus ;  ccUyce  S-lobo  hbis  inosquoMbuSy  extus 
rugoso-svlcatia^  intus  kmbus,  cestivatione  imbrtcatis;  mascularum  coroUd  erectd  breviter 
urceolatd  calydhua  breviore;  feminonim  segmentis  calycinis  primum  erectis,  ovarium  2 — 3- 
stylum  foventibus,  demum  patentibus,  indurato-persistentibtbs,  baccam  globosam  ipsia  brevioreia 
gtipantibus. 

Diospyros  rugosa.  Sap.  in  Ann.  Sc.  Nat   ser.  iv.  voL  xvii.  p.   264.  t.  xi.  f.  3.  A,  B, 
C,  D,  E,  F.  (1862) ;  Schimp.  PaL  V^.  li.  p.  946.  n.  7.  (1872). 
Tertiary ;  beds  of  gypsum  at  Aix,  S.K  France,  common. 

The  styles  are  not  Ebenaceous  in  character.  Male  flower  f  in.  diameter,  calyx  and 
corolla  lobed  half  way,  lobes  ovate ;  female  flower  i  in.  thick,  calyx  deeply  lobed,  lobes 
ovate  acuminate,  styles  ^  in.  long. 

27.  DIOSPTROS  ZoLUKOFERi,  Ung.  Syll  PL  Foss.,  pug.  iii.,  in  DenkschrifL  Kais.  Akad. 
XXV.  p.  27.  t.  ix.  f.  6  (1866). 

D.  seminibus  ovoideis,  compressis,  distinctis,  nvmero  octo  in  orbem  dispositia — residuis 
fructua  baceati  globtdaris. 

Schimp.  Pal.  V^.  II.  p.  951.  n.   21.  (1872). 

Miocene;   Hengsberg,  Styria. 

Seeds  ^ — |  in.  long  by  | — ^  in.  wide. 

IV.    Key  to  the  Fossil  Species  of  Macreiohtu. 

Peduncles  not  thickened  upwards 

Leaves  IJ — 2J  in.  long  by  j — ^  in.  wide.  1.  M.  germanica. 

Leaves  more  than  3  in*  long  by  1^  in.  wide.  2.  M.  microcalyx. 
Peduncles  thickened  upwards. 

I  Calyx-lobes  ovate-acuminate.  3.  Jf.  Umgipea. 

Calyx-lobes  ovate  or  cuneiform,  obtuse  4.  Jf.  mii/nzenbergenais, 

1.    Macreightia  germanica,  Heer,  Fl.  Tert.  Helvet  lii.  p.  13.  t.  ciii.  fig.  1,  2  (1859). 

M.  foliis  late'lanceoldtis  ocuminatiB  in  petiolum  mediocrem  attenvoMa  integerrimia  vel 
margine  incaquali  paaaim   denticulatia  coriaceiea,  nervo   medio  robuato,  nervia  aecwndariia   e 
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nervo  primario  giib  angulo  acuta  egredientOma  subsimplicibus  rectia  pardUelis;    ccUyee  fitfno 
peduncuiato  tripartita,  labis  basi  avata-acuminatia  nervasis;  haccA  rotwndd  calyce  basi  cinctd. 

Ettingsh.  Fobs.  F1.  Bilin,  p.  234.  (1868) ;  Schimp,  Pal.  Vfg.  ii.  953.  n.  1  (1872) ; 
IJng.  SylL  PI  Fobs.,  pug.  iiL  p.  26.  t.  viii.  fig.  12,  18  (1866). 

Celaatrus  eurapasus,  Ung.  Gen.  et  Sp.  PL  Foss.  p.  459  (1850),  Syll.  PL  Fobs.,  pug.  ii. 
p.  10.  t  ii.  fig.  10—15  (1864). 

Tertiary;   ParscUug,  Styria;  Croatia;   Oeningen,  &c. 

Calyx  only  like  Macreightia  (Maba)  in  being  trimerous ;  if  the  leaves  are  sometimes 
denticulate  as  stated,  the  plant  cannot  belong  to  Ebenacese.  In  Celastrtis  eurapceus  the 
leaves  measure  1§ — 2J  in.  long  by  f — ^  in.  wide ;  petioles  about  J  in.  long. 

2.    Macreightia  kicrocaltx,  Ettingsh.  Foss.  FL  v.  Bilin  in  Denkschrift.  Akad.  Wissensch. 
Math.-Naturw.  xxviii.  p.  234.  t.  zxxiz.  f.  2—5.  n.  2  (1868). 

Jf.  foliia  lanceah-ablangis,  basi  angiutoHs,  abtuais,  apicem  versus  a/ngustatis,  margine 
integerrimis,  nervis  secundarits  camptadramia,  nerva  primario  vaiido,  nervia  tertiariia  obaaletis; 
calyce  aubmemhranaceo,  pedunculatOy  tripartita,  eactua  piloao,  labia  avata-acutia,  baai  latia,  apice 
breviter  cuapidatia,  nervaao-atriatia ;  baccd  ratwndd,  caiycia  baai  cinctd. 

Schimper,  Pal.  V^g.  IL  p.  953.  n.  2  (1872). 

Miocene;  Eutscblin,  Bohemia. 

Leaf  1^  in.  wide  by  more  than  3  in.  long.  Calyx  ) — i  in.  long ;  perhaps  a  fourth 
lobe  at  the  back  of  the  impression  is  concealed  by  the  front  ones. 

3.    Macbeiqhtia  lonoipes,  EttingsL  Beitr.  z.  Eenntn.  d.  Tertfl.  Steienn.  p.  58.  t.  iv. 

f.  10,  11. 

Jf.  cdlyca  lange  pedunculata,  peduncula  auraum  aenaim  incmaaata,  labia  avata-acuminatia, 
acutia. 

Schimp.  Pal.  V^g.  n.  p.  954.  n.  3  (1872). 
Lignite  at  Leoben,  Styria,  Austria. 

4.    Macreightia  munzenbergensis,  Ettingsh.  Foss.  Fl.  d.  alt.  Braunk.  d.  Wetterau,  p.  59. 

if.  calyce  tripartita  labia  avatia  vd  cuneiformibua,  obtvaia,  nervaaia. 

Schimp.   Pal.  V^g.    ii.   p.   954.  n.    4   (1872). 

Hydracharia  avata,  Ludw.  Palaeontogr.  in  Mey.  Beitr.  Natui^.  Vorw.  vliI.  t  xxiv.  f.  6 
(1860). 

Tertiary;   sandstone  at  Munzenberg,  Darmstadt,  S.W.  Germany. 

Calyx  (?)-lobes  ^— |  in.  long.  As  much  like  a  calyx  of  Barringtonia  or  a  split  firuit 
of  Viola  as  Maba.     Peduncles  thickened  upwards. 

The  following  names  of  fossil  species  have  been  published  apparently  without  descriptions 
or  with  extremely  meagre  ones. 


Digitized  by 


Google 


386  Mb  HIEBN  ON  EBENACEi9C 

Diospyroa  lawina^  MassaL  Syllab.  PL  Foss.  Tert.  Yenet.  p.  77  (1859). 
Mdcreightia  italica,  Massal*  I  c. 
Macreightia?  tmbelkUa,  Massal.  I  c. 

Diospyros  discreta,   Saporta,  V^.  Sud-Est  France,  l^p.  Tert.   in  Ann.  Sc.  Nat.,  ser.  v. 
Tol.  IV.  p.  821  (1872). 

Dioapyroa  ambigua,  Saporta,  I  c,  non  Vent. 
Dioapyroa  rhodendrifolia,  Saporta,  I.  c. 
Dioapyroa  comigata,  Saporta^  I  c. 

JXospyroa  atyracifolia,   Saporta,   I.  c.   p.    333 ;    D.  tyracifolia,  Sap.  in.  Bull.  Soc.  G^ol. 
France,  xxv.  p.  895  (1868). 

Dioapyroa  raminervia,  Saporta,  I  c.  p.  333 ;  in  Bull.  Soc.  Q46L  France,  xxv.  p.  895  (1868). 

Dioapyroa  Scheuzeri^  A.  Br.  ex  TJng.  Pflanzenwelt,  p.  233  (1851),  19  Labatia   Scheuzeri, 
A.  Br.  ex  Stiehler,  Synops.  Pflanz.  Vorwelt,  I.  p.  147  (1861). 
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ADDITIONS   AND    COKKECTIONS. 


During  the  time  that  the  previous  sheets  have  taken  in  passing  through  the  press 
numerous  new  specimens  of  Ebenaeese  have  reached  this  country  and  been  presented  to 
my  notice,  containing  indeed  several  new  species  and  affording  additional  matter  for  the 
more  complete  knowledge  of  old  ones.  So  far  as  circumstances  allowed,  I  have  incorporated 
the  additional  matter  in  its  proper  place,  and  such  information  as  was  not  sufficiently 
early  for  that  purpose,  I  now  add  at  the  end :  I  also  take  the  same  opportunity  of  correcting 
the  misprints,  mistakes,  and  omissions  that  have  been  noticed,  and  of  making  any.  slight 
additions  that  further  research  has  rendered  desirable.  The  estimate  given  on  page  61  for 
the  number  of  recent  species  in  the  family  and  in  the  genera  Maba  and  Diospyros  will 
require  a  slight  increase  in  each  case;  thus  the  whole  Natural  Order  contains  more  than 
260  recent  species,  of  which  about  100  are  new  or  not  previously  described;  and  if  the 
fossils  are  included  the  whole  number  will  be  at  least  300. 

P.  27,  L  10.    For  iLicmiiE  read  Ilicinejb. 

P.  28,  L  5  from  bottom.    For  BertoUni  read  BertoUmi. 

P.  30,  L  11.     For  Paralia  read  Paralea. 

„       1.  27.     For  Blum,  read  Blanco. 
P.  33,  L  4.    Add,  Java,  Sumatra  and  Borneo. 

„       L  18.     Strike  out  Java  (?). 
P.  37,  1.  10.     Strike  out  Mart. 

„       L  18,  24,  33.    For  capraefolia  read  capresefolia. 
P.  40,  L  19.    For  4117.  Diospyros  sylvatica,  Eoxb.  read  4117.  Diospyros  sylvatica,  Walt 

L  24.    For  Roxb.  read  Wall. 
P.  41.    Insert;  among  the  numbers  of  Hb.  Griffith  and  Helfeb,  3620.  Diospyros  Hoisfieldii. 
P.  44^  L  7.    For  Hendelotii  read  Heudelotii. 
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P.  44.    Insert 


Beccari.    1866—1868. 
Borneo,  District  Sarawak. 


No.  1399.  Maba  punctata.  No.  2285. 

1422.  Diospyros  coriacea.  2486. 

1423.  Maba  punctata.  2492. 
1429.  Maba(?)  cordata.  2542. 
1550.  Maba  Maingayi.  2591. 
1560.  Diospyros  graciliflora  2612. 
1600.  Diospyros  lateralis.  2615. 
1670.  Maba  merguensis.  3052. 
1787.  Diospyros  pergamena.  3101. 
1822.  Maba  Teijsmanni.  3120. 
1837.  Maba(?)  cordata.  3225. 
1892.  Diospyros  discolor,  Willd.  3456. 

1948.  Maba  BeccariL  3567. 

1949.  Diospyros  (sp.).  3568. 
1973.  Diospyros  buxifolia. 

P.  44,  L  20.    For  1854  read  1852. 


Diospyros  rigida. 
Diospyros  fuliginea. 
Diospyros  BeccariL 
Diospyros  dictyoneura. 
Diospyros  Beccarii. 
Diospyros  asterocalyx. 
Diospyros  dictyoneura. 
Cfr.  Diospyros  Toposia,  Ham. 
Cfr.  Diospyros. 
Diospyros  (sp.). 
Diospyros  plectosepala. 
Diospyros  coriacea. 
Diospyros  rotundiflora. 
Maba  myrmecocalyx. 


P.  45. 


P.  46. 


P.  60. 
P.  61, 
P.  67, 
P.  60, 
P.  67, 
P. 

P.  72. 

R  73. 

P.  75. 


Under  Gerrard  and  M^'Een  insert  18.    Boyena  cordata,  £.  Mey. 

„  „  „  1606.    Euclea  daphnoides. 

L  10.    For  cordata,  E.  Mey.  read  glandulosa,  Harv. 
At  bottom,  addt  1740.    Cape  of  Good  Hope.    Euclea  lanceolata,  R  Mey. 
Under  BOLUS  add,  128.    Graaf  Beinet.  Boyena  pallens,  Thimb. 
527.  w  Boyena  cordata^  E.  Mey. 

572.  „  Euclea  ovata,  Burch. 

656.  „  Euclea  undulata,  Thunb. 

Under  Bernier  addj  269  (excl.  fir.).    Madagascar.     Diospyros  haplostylis,  Boir. 
L  9.    For  Maba  capresefolia  read  Diospyros  capresefolia,  amd  prefix  1011. 
L  4  from  bottom.    After  lohis  insert  integris. 
L  2.    After  equal  insert  entire. 
L  32.    F(yr  p.  38  read  p.  37. 
69|  Insert  1827.    Ferreola  guineensis,  Schum.  and  Thonn.  Plant.  Guin.  p.  448.    Guinea^  Africa. 
L  4  from  bottom.    For  Sweet,  read  Sweet,. 
Insert  1843.    Bymia  polyandra,  Endl.  Cat.  Hort.  Acad.  Yindob.  n.  p.  123.  n.  4583. 

Cape  of  Good  Hope. 
Insert  1850.    Anona  macrophylla,  Ung.  Gen.  et  Sp.  PI.  Foss.  p.  442.    Croatia, 
last  two  lines  f(yr  1850  read  1851. 

Insert  1861.    Diospyros  longifolia.  Spruce  in  Joum.  Proc.  Linn.  Soc.  Lend.  v.  p.  7. 
South  America. 
1861.    Diospyros  glomerata>   Spruce  in  Joum.  Proc.  Linn.  Soc.  Lond.  v.  p.  7.    South 
America. 
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1861*    Diospyros  polyandra^  Spruce  in  Joum.  Proc.  LiiixL  Soa  Lond  V.  p.  7.    S.  America. 
I  1861.    Macreightia  myristicoides.  Spruce  in  Joum.  Proc.  Linn.  Soc.  Lond.  v.  p.  8.  S.  America. 

„       L  6  from  bottom.    For  Island  reod  Islands. 
P.  76,  insert  1866.    Diospyros  obscura.  Sap.  Etud.  II.  p.  283  in  Ann.  Sc.  Nat.  ser.  v.  vol.  iv. 

p.  138.    S.E.  France. 
F.  77,  insert  1868.    Diospyros  palseogsea,  Ettingsh.  Foss.  FL  Bilin  in  Denkscbrift  Akad.  Eais. 
Wissensch.  Math.— Naturw.  xxviu^  p.  233.  t  XXXYHI.  fig.  24—26,  32.  Bohemia. 
I  1868.    Diospyros  bilinica,  Ettingsh.  Foss.  FL  Bilin  in  Denkschrift.  Akad.  Eais.  Wissensch. 

Math. — ^Naturw.  xxvm.  p.  233.  t.  xxxix.  fig.  17,  18.    Bohemia. 
1868.    Diospyros   paradisiaca,    Ettingsh.    Foss.    FL   Bilin  in    D^ikschrift.    Akad.   Eais. 
Wissensch.  Math.  Naturw.  xxvm.  p.  234.  t.  xxxym.  fig.  29—31,  34.    Bohemia. 
1868.    Macreightia  microcalyz,    Ettingsh.  Foss.  Fl.  Bilin    in  Denkschrift.  Akad.  Eais. 

Wissensch.  Math.— Naturw.  xxvin.  p.  234.  t.  xxxix.  f.  2—5. 
1868.    Diospyros  grseca,  Saporta  in  Bull.  Soc.  GMoL  France  xxv.  p.  321.    S.  E.  France. 
1868.    Diospyros  styracifolia,  Saporta  in  Bull.  Soc.  O^L  France  xxv.  p.  895.    S.  E.  France. 

1868.  Diospyros  raminervis,  Saporta  in  Bull.  Soc.  G^l.  France  xxv.  p.  895.    S.  E.  France. 

1869.  Diospyros  oblongifolia,  Heer  Braunk.  y.  Bomstadt  in  Abb.  Nat  Qesell.  Halle, 

XI.  Bd.  p.  17.  t.  ni.  fig.  9.    Saxony. 
1869.    Diospyros  stenosepala,  Heer  FL  Foss.  Alaskana  in  Eongl.  Svenska  Yetenskaps-^ 
Akad.  HandL,  Ny  FSljd,  vm.  p.  35.  t.  viil.  fig.  7,  8.    N.  America. 
Macreightia  longipes,  Ettingsh.  Beitr.  z.  Eenntn.  d.  Steierm.  p.  58.  t.  lY.  fig.  10, 

11,  ex  Schimp.  Pal.  Vdg.  ll.  p.  954  (1872).    Austria. 
Macreightia   miinzenbergensis,   Ettingsh.  Foss.  FL   d.  alt.  Braunk.  d.  Wetterau, 

p.  59,  ex  Schimp.  Pal.  Ydg.  ii.  p.  954  (1872).    Germany. 
Diospyros    primaeva,    Heer    PhylL    Chr^t    du    Nebraska,   p.    19.  t  L  fig.  6,  7. 
N.  America. 
1872.    Diospyros  bohemica^  Schimp.  Tr.  Pal.  Y^.  ii.  p.  945.  n.  3.    Bohemia. 
1872.    Diospyros  alaskana,  Schimp.  Tr.  PaL  V^.  ii.  p.  949.  n.  17.    N.  America. 
1872.    Diospyros  Boxbuighi,  Carri^re  in  Bevue  Horticole,  p.  253.    N.E.  India. 
1872.    Diospyros   discreta,   Saporta  in   Ann.   Sc  Nat.,  ser.  v.   voL  xv.   p.  821   (me 
descriptione).    S.K  France. 
I  1872.    Diospyros  rhododendrifolia,   Saporta  in  Ann.    Sc.  Nat.,  ser.  V.  voL  XV.  p.  321 

'  (jrine  descriptione).    S.E.  France. 

1872.    Diospyros   corrugata,    Saporta   in  Ann.  Sc.  Nat.,  ser.  v.  voL  xv.  p.  321   {sine 
descrtptione).    S.E.  France. 
P.  92,  L  7.    For  Stamens  16—17  read  Stamens  16—22. 
P.  94,  L  25.    For  Stamens  16—17  read  16—22. 
PP.  95,  96.     Eudea  rigida,  K  Mey.  must  be  removed  from  E.  pseudebenus,  K  Mey.  to 

E.  lancea^  Thunb. 
P.  99,  L  3  from  bottom.    For  Stamens  16  read  Stamens  12 — 16; 
!  P.  100.    To  the  localities  for  Euglea  diyinorum  add  Basuta  country,  T.  Baines! 

„         Add  as  a  synonym  of  Euclea  multifloba 

Diospyros  (Sp.),  Salt,  Voyage  Abyss,  p.  14  (1814) ; 
Vol.  Xn.  Pabt  L  87 
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And  among  the  localities  for  this  species,  add  Sofala  Bay,  Mozambique,   19  August, 
1809,  Salt! 
P.  103,  1.  10  from  bottom.    For  (1847)  read  (1851). 
P.  104,  1.  13.    A/ier  Fruit  insert  edible. 
P.  106.     To  EucLEA  UNDULATA,  Thunb.  add  Wooded  chasms,  Swellendam,  a  tree,  Licktenstein  ; 

Basuta   country,  "  Tolangoola,"    T.  BainesL   According  to  Thunberg,  the  berries  when 

bruised  and  fermented  yield  a  vinegar. 
P.  107,  last  line.    After  pilose  irisert  except  M.  (?)  cordata. 
P.  141.     In  the  character  of  Maba  cobdata  insert 

florihus  masculia  tubuUma^  b-merie,  lohia  lanoeolatis,  calyce  partita,  ataminibus  12,  glahrte, 

incequodibue. 

And  in  the  description  insert 

^  .  Flowers  tubular,  f  in.  long,  pentamerous.  Calyx  \  in.  long,  partite ;  lobes  narrowly 
lanceolate,  glabrous  inside.  Corolla-tube  equalling  the .  calyx,  pubescent  outside  above ; 
lobes  f  in.  long,  oval-lanceolate,  subacute,  puberulous  outside,  glabrous  inside.  Stamens 
12,  unequal,  glabrous,  inserted  on  the  receptacle ;  anthers  apiculate ;  filaments  unequal,  more 
or  less  combined  at  base.  Ovary  0.  Pedicels  \  in.  long ;  bracts  caducous,  unequal  Borneo, 
0.  Beccari!  n.  1837. 

P.  142,  1.  16.    F(yr  MSS.  read  in  Joum.  Proc.  linn.  Soc.  Lond.  v.  p.  8  (1861). 
P.  144.    At  the  end  of  the  descriptions  of  the  species  of  Maba  insert 

Excluded  Species  of  Maba. 

Maba  Cargillia,  F.  Muell.  Fragm.  v.  p.  162  (1866)  =  Diospyros  Cargillia,  F.  Muell. 

Maba  pentamera,  F.  Muell.  Fragm.  v.  p.  163  (1866)  =  Diospyros  pentamera,  WooUs  et 
F.  Muell. 

Maba  quadridentaia,  F.  Muell.  Fragm.  v.  p.  162  (1866)  ^Diospyros  mabacea,  F.  Muell. 
P.  144, 1.  2  from  bottom.    Add  non  Solander  ex  Lowe  Man.  Fl.  Madeira  voL  ii,  p.  34  (1872). 
P.  151,  1.  11.    For  glabrous  read  subglabrous. 
P.  159,  1.  19.    Prefix  the  reference  Kern.  Hort.  Semperv.  t.  64. 
P.  161,  1.  16.    Add  ;  Don  WaU. 
P.  197,  L  1.    For  Golunto  read  Golungo. 
P.  201,  1.  7  from  bottom.    Add  ;  non  Hort 
P.  218,  1.  9.    After  Bat.  insert  n. 

P.  221,  1.  17.    Add  JD.  dioica,  Spanoghe  in  Hook.  Comp.  Bot.  Mag.  i.  p.  848  (1835). 
P.  222.    Among  the  localities  for  DiosPTBOS  MONTANA,  Roxb.,  insert 

Pegu,  Kurz!  3008,  3009. 
P.  225.    At  end  of  synonymy  of  DiosPYKOS  VIRGINIANA,  Linn.,  add 

JD.  stricta,  Hort.  ex  Loud.  Encycl.  Z.c.,  non  Boxb. 

D,  digyna^  Hort.  ex  Loud.  Encycl.  Z.c.|  non  Jacq. 
P.  240,  L  4  from  bottom.    Add  non  Heer. 
P.  244.    To  the  synonymy  of  DiosPTROS  Ebenaster  Retz.  add  Cfr.  Lolin,  Valentyn,  Oost-Ind. 

Deel  IIL  Stuk  L  p.  223.  t.  Lxrv  (1726). 
P.  286,  L  7.    For  rhodendrifolia  read  rhododendrifolicu 
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Aberia  tristis,  Sond,  90. 

.^idium  (sp.),  86. 

Amuxis  (§),  146,  156. 

Annona  microcarpa,  Jacq.,  68,  144,  246. 

Anona  Lignitum,  Ung.,  73,  278. 

„      macrophylla,  Ung.,  277,  288. 
AnonaceaB,  62,  63,  271,  tab.  i. 
Arbutus  (sp.),  Linn.,  78,  83. 

„        diospyrifolius,  MaasaL,  74^  279. 

Barberia  (§)  107, 110. 

Barringtonia,  Forst.,  285. 

Bicomes,  Giseke,  57. 

Bignoniacese,  28. 

Bbdnese,  63,  tab.  i. 

Bocagea  elliptica.  Hook.  f.  et  Thorns.,  270. 

Borraginites  myosotiflorus,  Ludw.,  280. 

Biachycheila  pubescens,  Harv.,  73,  90,  93. 

Brachjnema  ramiflorum,  Benth.,  65,  75. 

Buxus  (sp.),  Linn.,  78,  88. 

„      sempervirens,  Linn.,  231. 

Cargilia  Auct.     Cfr.  Cargillia. 
CargiUia,  R.  Br.,  60,  64,  66,  144,  145,   146, 
155. 

,^         arborea,  A.  Cunn.,  239. 

„         australis,  R.  Br.,  56,  64,  68,  246. 

„         laxa,  R.  Br.,  56,  64,  68,  211. 

„        mabacea,  F.  Muell.,  76,  239. 

„         macrocarpa,  Yieill,  242. 

„         maritima,  Hassk.,  73,  211. 

„        megalocarpa,  F.  Muell.,  76,  211. 

„        pentamera,  WooUs  et  F.  Muell.,  76, 
239. 
Garpodinus  edulis,  G.  Don,  271. 
Carpophaga  magnifica,  Selbj,  240. 
Casasia  calophylla,  Rich.,  126. 


38 
17 


Cassia  pbaseolites,  Heer,  75,  274. 
Gavanilla,  Auct.  Cfr.  Cavanillea. 
Cavanillea,  Desrouss.,  144,  146,  156. 

„         Mabolo,  Lam.,  69,  260. 

„         philippensis,  Desr.,  67,  260. 
Celastrineie,  63,  tab.  i. 
Celastrus,  L.,  274. 

„        ciispus,  Thunb.,  69,  90,  99. 

„        europseus,  X7ng.,  73,  285. 
Cliailletiace»,  63,  tab.  i. 
OonTolyulaoe»,  63,  tab.  i. 
Cordia,  Plum.,  96. 
Cunalon,  Blanco,  197. 
Gunalonia  (§),  146,  150. 

Daotylus  trapezuntinus,  Forsk.,  67,  144,  224. 
Danzleria  (§),  146,  153. 

„        axillaris,  Bert,  72,  145,  231. 
Dididanthera,  Mart.,  27. 
Diospiroe,  Auct.     Cfr.  Diospyrot. 
Diospyraoeie,  Voigt,  57. 
Diospyreffi,  57. 
Diospyri,  Tratt.,  57. 

DiospyroB,  Linn.,  30,  32,  58,  59,  60,  61,  63,  64, 
65,  66,  107,  144,  165,  184,  264,  270, 
272,  273,  276,  280,  287,  288,  tab.  i. 

„        acapulcensis,  Kuuth,  69,  128,  270. 

„         acuminata,  WalL,  40,  70,  270. 

„        acuta,  Thw.,  33,  41,  75,  149,  182. 

„        affinis,  Thw.,  33,  41,  75,  147,  169. 

„        alaskana,   Schimp.,    276,   278,   280, 
289. 

„        albens,  Presl,  70,  127,  270. 

„        ambigua,  Sap.,  286. 

„        ambigua,  Vent.,  67,  86,  270. 

„        amoena.  Wall.,  40,  70,  213. 

„        amplexicaulisy  Lindl.  et  Paxt,  74, 179. 
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Dio8pyro8  anceps,  Heer,  75,  276,  277,  280. 
aDgulata,  Poir.,  68,  178. 
angustifolia,  Lodd.,  70,  225. 
anoniefolia,  Alph.  DC,  38,  72,  148, 
179. 

apeibacarpoR,  Badd.,  37,  60,  69,  269. 
apiculata,  Hiern,  33,  42,  149,  186. 
argentea^  Giifi:,  34,  41,  42,  74,  156, 
265. 

Amottiaxia,  Miq.,  76,  171. 
artanthttfolia,  Mart,  37,  53,  74,  155, 
255. 

aasimiliB,  Bedd.,  76,  208. 
asterocaljx,  Hiern,  150,  193,  288. 
atrata  (twr.),  259. 

attenuata,  Thw.,  33,  41,  75, 149, 182. 
aurea,  Teijsm.  et  Binn.,  34,  54,  74, 
151,  206; 

Auricula,  Ung.,  73,  276,  280,  283. 
aurioulata,  StiehL,  280. 
auriculata,  Wight,  42,  188. 
auBtralts,  30,  31,  36,  46,  54,  246. 
Bai-teri,  Hiern,  35,  43,  149,  187. 
batocana^  Hieni,  31,  35,  148,  174. 
Beocani,  Hiern,  151,  204,  288. 
Bemiert,  Hiern,  38,  50,  268. 
Berterii,  Alph.  DC,  72, 127,  270. 
bicolor,  Kl.,  75,  165. 
biflora,  Blanco,  34,  70,  152,  217. 
bilinica,  EttingsL,  276,  283,  289. 
BlanccJi,  Alph.  DC,  73,  261. 
bohemica,  Scbimp.,  283,  289. 
Boivini;  Hiern,  38,  150,  194. 
bomeenais,  Hiern,  33,  55,  148,  173. 
Boutoniana,  Alph.  DC,  72,  178. 
brachysepala,  A.  Br.,  73,  272,  276, 
279,  282. 

bracteata,  Boxb.,  69,  221. 
Brandisiana,  Kurz,  33,  77,  149,  184. 
brasiliensis.  Mart.,  51,  74,  244. 
burmanica,  Kurz,  34,  77,  147,  166. 
buxifolia,  Hiern,  34, 42,  55, 152,  218, 
288. 

calophylla,  Hiern,  38,  50,  147,  156. 
calycina,  Atidib.,  71,  225. 
calycina,  Bedd.,  188. 
canarica,  Bedd.,  77,  164,  165. 
CandoUeana,  Wight,  41,  73,  164. 
Ganomoi,  Alph.  DC,  73,  216. 
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Diospjros  capensiB,  Alph.  DC,  72,  178,  179. 
„        capitukta,  Wight,  73,  233. 
„        capreiefolia,  Mart,  37,  51,  165,  254, 
'287,  288. 

Cargillia,P.  Muell.,  77, 155,  246,  290. 

caroliniana,  Muhl.,  69,  225. 

Garthei,  Hiern,  33,  151,  198. 

cauliflora,Blume,  34,  58,69, 154,234. 

caoliflora,  Mart,  142,  270. 

cajennensia,  Alph.  DC,  37,  72,  153, 

231. 

oeraaifolia,  D.  Don,  69,  270. 

chartaoea,  Wall.,  34,  40,  70, 153,  230. 

chinensis,  Blume,  69,  227. 

chloroxylon,  Boxb.,  30,  34,  40,  41, 

42,  64,  67,  153,  233. 

chrysophylloB,  Poir.,  38,  53,  68,  148, 

177,  180. 

ciiiata,  Alph.  DC,  36,  153,  223. 

dliata,  Kafin.,  70,  225. 

dtaifolia,  WaD.,  72,  258. 

coccolobaefolia,  Mart.,  37,  51,  53,  74, 

155,  251. 

Gommersoni,  Gaertn.  fil.,  68,  179. 

comorenais,  Hiern,  38,  153,  220. 

ooncolor,  Moench,  67,  225. 

oonduplicata,  Kunth,  69,  127,  270. 

cordifolia,  Roxb.,  40,  41,  54,  67,  221, 
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61 
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168 

99 
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99 

71 

99 
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99 

60 

99 

20 

99 

55 

99 

112 
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coriacea,  Hiern,  156,  259,  288. 

oorrugata,  Sap.,  286,  289. 

coBtota,  Carr.,  77, 227,  228,  fig.  p.  229. 

crassiflora,  Hiern,  35,  156,  260. 

crumenata,  Thw.,  33, 41, 75, 147, 169. 

Cunalon,  Alph.  DC,  30,  34,  60,  73, 

150,  197. 

cuneifolia,  Hb.  Deless.,  36,  268. 

cupulosa,  F.  Muell.,  77,  114,  270. 

cystopus,  Miq.,  34,  75,  266. 

dasyphylla,  Kurz,  33,  77,  151,  203. 

decandra,  Boj.,  244. 

decandra.  Lour.,  31,  33,  65,  67,  147, 

160,  265. 

Dendo,  Welw.,  29,  35,  48,  60,  150, 

195,  tab.  X. 

densiflora.  Wall,  33,  40, 70, 147, 171. 

dictyoneura,  Hiern,  150,  192,  288. 

Diepenhorstii,  Miq.,  34,  58,  60,  75, 

145,  154,  235. 
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I 

DiospyiOB  digyna,  Hort.,  290.                               | 

DioBpyiofl  geminata,  F.  MueU.,  77, 119,  270. 

>» 

digyna,  Jacq.,  67,  244. 

99 

glabernma,  Bottb.,  67,  208. 

»» 

dioica,  Span.,  70,  290. 

99 

glabra  (var.),  Alph.  DC,  224. 

151 

n 

discolor,  WiUd.,  29,  34,  37,  40,  42, 

» 

glauca,  BottL,  34,  67,  233. 

46,  64,  69,  68, 156,  260,  288. 

141 

» 

glomerata,  Spruce,  37,  62,  165,  264, 

n 

discreta.  Sap.,  286,  289. 

288. 

156 

» 

dodeoandra.  Lour.,  34,  60,  67,  264. 

M 

glutinifera,  Wall.,  69,  258. 

ft 

dubia,  Goepp.,  276,  281. 

99 

glutinosa,  Boxb.,  69,  268. 

>» 

dubia,  Wall,  40,  70,  159,  160. 

99 

Goindu,  Ball!.,  74,  221,  222. 

n 

dolcis  (vor.),  226. 

133 

99 

Goudotii,  Hiem,  37,  54,  155,  249. 

125 

»» 

Ebenaster,  Bete.,  29,  30,  31,  34,  36, 

63 

99 

graoiliflora,  Hiem,  150,  191,  288. 

37,  42,  50,  67,  164,  179,  244,  290. 

62 

99 

gradlipee,  Hiem,  38, 50,  69, 160, 191. 

>» 

Ebenaster,  Spaoh,  208. 

99 

gmc&y  Sap.,  274,  289. 

78 

n 

Ebennm,  Koen.,  29,  34,  38,  40,  41, 

99 

grandifolia,  Wall.,  73,  270. 

42,  56,  59,  67,  151,  208,  209,  246. 

164 

99 

grata,  WaU.,  34,  40,  70,  264. 

19 

Ebennm,  Poir.,  176. 

99 

guiacana,  Bob.,  68,  225. 

99 

ebenua,  Auct.     Cfr.  D.  Ebenum. 

99 

hferingiana,  Ettingeh.,  74,  273,  276, 

»f 

edulia,  Lodd.,  69,  244. 

282. 

9 

W 

ehretioides,  Wall.,  33,  40,  70,  147, 
162,  163. 

23 

99 

haleaioides,  Grifleb.,  37,  52,  76,  148, 
173. 

U6 

n 

emarginata,  Hiem,  37,  62,  166,  266, 

t  XI. 

29 

99 

haplostyHs,  Boiv.,  29,  38,  50,  148, 
177,  288. 

»y 

embriopteris,  Blanco,  261. 

158 

'  99 

Hanseltii,  Zoll.,  35,  74,  265. 

« 

Embryopteris,  Boj.,  261. 

99' 

hebecarpa,  A.  Cunn,,  36,  54,  56,  77, 

148 

f> 

Embrjopteris,  Pers.,  29,  30,  31,  34, 
40,  41,  42,  43,  53,  64,  55,  68,  166, 
267, 

•      99 
99 

209. 
Hebenaster,  Gaertn.,  179,  244. 
heteropbyUa,  WaU.,  40,  70,  221,  222, 

69 

9> 

eriantha,   Champ.,   31,   33,   52,  74, 

242. 

151,  202. 

87 

99 

Heudelotii,  Hiem,  35,  44,  152,  215, 

fl 

exculpta,  Hamilt.,  69,  168. 

287,  tab.  V.  fig.  2. 

W 

exRcnlpta,  Auct,  158.     Cfr.  D.   ex- 
culpta, Hamilt. 

99 
99 

hexasperma,  Haaselt,  73,  123,  270. 
hirsuta,  Desf.,  83,  270. 

?l 

fosciculosa,  F.  MueU.,  77,  135,  270. 

11 

•    99 

hirsuta,  Linn,  fil.,  29,  33,  41,  42,  43, 

9) 

feminina,  Hamilt.,  73,  270. 

67,  147,  163,  164,  165,  166. 

» 

ferruginea,  Spltgbr.,  73,  240. 

132 

99 

hispida,  Alph.  DC,  37,  49,  61,  72, 

|» 

fertUifl,  Lodd.,  70,  225. 

165,  249. 

74 

» 

flayicauH,  Hiem,  34,  40,  41,  42,  59, 
151,  205. 

67 

99 

Horsfieldii,  Hiem,  33,  64,  160,  193, 
287. 

47 

9» 

•    fbUolosa,  Wall.,  30,  33,  40,  70,  160, 

188. 

99 
99 

humUis,  F.  MuelL,  77,  120,  270. 
inoerta,  Massal.,  75,  276,  278. 

» 

frondosa^Wall.,  40,  70,  270. 

99 

inciaa,  Hamilt,  69,  263. 

19 

19 

frutescens,  Blume,  34,  65,  69,  134, 
147,  170. 

99 
99 

inconstans,  Jacq.,  66,  127,  270. 
insculpta,  Hamilt,  69,  168,  169. 

99 

frtitesoens,  Hassk.,  193. 

2 

99 

insigniB,  Thw.,  29, 33, 41, 75, 147, 157. 

40 

99 

fuliginea,  Hiwn,  149,  184,  288. 

99 

intermedia,  Hort,  71,  226,  226. 

86 

99 

Gardneri,  Thw.,  29,  34,  41,  53,  75, 
162,  214. 

99 
99 

japonica,  Sieb.  et  Zucc.,  54,  73,  224. 
Kaki,  Blanco,  261. 

134 

99 

gaultheriafolia,    Mart,   37,   53,   74, 

102 

19 

Kaki,  Linn.  fiL,  30, 31, 34,  41, 52, 64, 

t 

« 

155,250. 

67,  153,  227,  228,  fig.  p.  229,  230. 
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65     DioBpyroB  Kirkii,  Hiem,  31,  36,  151,  199. 

16  „        Korthalsiana,  Hiem,  33,  U7,  168. 

159  „        Kuhlii,  ZoU.,  35,  74,  265. 

8  „        Kurzii,  Hiem,  33,  65,  147,  162. 

106  „        liBvis,  Boj.,  38,  72,  153,  232,  268. 

85  „        lancesBfolia,  Eoxb.,   30,   34,  41,  68, 

152,  213,  264. 

„         lanceolata,  Poir.,  68,  131,  270. 
„        l&noeolata,  Schimp.,  278. 
„        lajiceolata,  Wall.,  40,  263. 
„         lanoifolia,  A.  Br.,  74,  279. 
„        landfolia,  Lesq.,  278. 
„         langifolia,  Stiz.,  279. 
14  „        lateralis,  Hiem,  147,  167,  288. 

„         latifolia,  Schimp.,  279. 
„         laurifolia,  A  Bick,  37,  74,  244. 
„        laurina,  Massal.,  75,  286. 
„         laza,  Teijsm.  et  Binn.,  74,  172. 
165  „         leucocaljx,  Hiem,  38,  54,  267. 

33  „        leucomelas,  Poir.,  30,  38,  50,  68, 148, 

179. 
„         Lignitum,  Ung.,  76,  276,  278. 
„        lobata,  Lour.,  67,  227,  228. 
„        longiiblia,  Heer,  74,  279. 

longifolia,  Spmoe,  240,  241,  288. 
lotoidee,  TJng.,  76,  276,  280. 
„        Lotos,  Blanco,  216. 
100  „        Lotus,  Linn.,  30,  31,  41,  52,  54,  66, 

153,  223,  226,  228,  230,  272. 
„        Lotus,  Lour.,  195. 

59  „        Loureiriana,  G.  Don,  35,  44,  48,  63, 

70,  150^  194. 
„        Loveni,  Heer,  77,  276,  277. 
lucida,  Hort,  225. 
lucida,  WaU.,  40,  70,  164. 
lycioides,  Desf.,  68,  85,  270. 
118  „        mabacea,  F.  Muell.,  36,  77,  154, 239, 

290. 
„        Mabola,  Roxb.,  69,  260. 

Mabolo,  WaU.,  70. 
„        macrocalyx,  Alph.  DC,  72,  178. 
„         macrocalyx,  KL,  195. 
122  „         macrocarpa,  Hiem,  38,  56,  154,  242. 

„         macrocarpa,'  KortL,  168. 
115  „        maorophylla,  Blume,  34,  69,  154, 237. 

macrophyUa,  WaU.,  40,  216. 
„         malabarica,  Eostel.,  70,  258. 
129  „         Malacapai,  Alph.  DC,   30,   33,  73, 

155,  247. 


79 
99 


99 
99 


9> 
99 


»9 
99 


91 


143    Diospyros  Mannii,  Hiem,  35,  44,  155,  255. 
82  „        maritima,  Blume,  34,  36,  52,  54,  55, 

64,  69,  152,  211. 
„        mauritiana,  Alph.  DC,  72,  178. 
megalocarpa^  F.  Muell,  77,  211. 
melanida,  Neraud,  179. 
30  „        melanida,  Poir.,  38,  50,  68, 148, 177, 

179. 
melanida,  Sieber,  261. 
melanoxylon,  Blume,  172. 
melanoxylon,  Hassk.,  Ettingsh.,  258. 
5  „        melanoxylon,  Boxb.,  29,  31,  33, 41, 

42,  43,  67,  147,  159,  160,  161. 
„        melanoxylon,  WiUd.,  208. 

„        membranacea,  Alph.  DC,  72,  244. 
12  „         mespiUformis,  Hochst.,   29,  31,    35, 

43,  44,  48,  71,  147,  165,  267. 
„        mexicana,  Scheele,  238. 

„        miorooarpa,  Sieb.,  224,  (var.)  226. 
„         microcarpa,  Span.,  35,  70,  270. 
„        microphyUa,  Bedd.,  77,  218. 
46  „         microrhombus,   Hiem,  29,  38,  150, 

187. 
moUis,  Wall,  30,  40,  71,  162. 
montana,  Heyne,  159. 
97  „        montana,  Roxb.,  29,  34,  36,  40,  41, 

42,  43,  67,  163,  220,  222,  290. 
„        Moonii,  Thw.,  41,  76,  164. 
94  „         Morrisiana,  Hance,  31,  52,  74,  153, 

219. 
89  „        multiflora,  Blanco,  30,  34,  57,  152, 

216. 
multiflora.  Wall.,  40,  70,  213. 
Myosotis,  Ung.,  73,  274. 
Myosotb,  Web.,  278. 
„        myrmecocarpus,  Mart,  74,  141,  270. 
„        Neraudii,  Alph.  DC,  72,  178. 
„        nervosa  (for.),  259. 
„        nigra,  Blanco,  73,  244. 
„         nigricans,  Dalz.,  208. 
77  „        nigricans,  WaU.,  34,  40,  41,  70,  151, 

207, 
„        nilagirica,  Bedd.,  77,  164. 
31  „        nodosa,  Poir.,  38,  53,  68,  148,  178, 

179. 
„        obHqua,  Ung.,  76,  277,  283. 
„        oblonga,  G.  Don,  270. 
124  „        oblonga,  WaU.,  34,  40,  42,  69, 154, 

243. 
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73 
127 

21 


120 


11 


3 

» 

155 

9» 

116 

91 

131 

» 

51 

99 

DiofipyroB  oblongifolia,  Heer,  276,  283,  289. 
obovata,  Jacq.,  67, 197. 
obovata,  Wight,  42,  270. 
obscura.  Sap.,  276,  281,  289. 
obtusifolia,  Bert,  127,  270. 
obtusifolia,  Humb.  et  BonpL,  68,  244. 
ocanensis  (var.),  253. 
octandra,  Hiem,  33,  41,  167. 
oleifolia,  Wall.,  34,  40,  70,  161,  204. 
Olen,  Hiem,  38,  55,  154,  246. 
oligandxa,  Bedd.,  77,  164. 
oocarpa,  Thw.,  33,  41,  60,  75,  145, 

148,  171. 
oppofiitifolia,    Thw.,  30,  33,  41,  75, 

147,  157. 
orixeusis,  Hb.  Wight,  35,  42,  264. 
orixenais,  Klein,  68,  161. 
ovalifolia,  Wight>  34,  41,  42, 73, 154, 

237. 
ovalis,  Hiem,  37,  53,  155,  248. 
paliBogsda,  Ettingsh.,  276,  281,  289. 
paniculata,  Dalz.,   33,   43,  74,  150, 

190,  263. 
ponnonica,  Ettingsh.,  74,  276,  282. 
paradisiaca,  Ettingsh.,  276,  279,  289. 
Faralea,  Stead.,  30,  37,  52,  53,  71, 

154,  240,  241,  287. 
Parthenon,  Ung.,  76,  276,  283. 
parvifolia,  Hiem,  38,  152,  217. 
Pearcei,  Hiem,  155,  252. 
pellucida,  Hiem,  34,  57,  151,  209. 
pellucido-punctata  (var,),  231. 
pendnla,  Hasselt,  34,  73,  154,  236. 
penduliflora,  Zoll.,  35,  74,  266. 
pentamera,  Woolls  et  F.  Muell.,  30, 

36,  54,  77,  154,  239,  290. 
perforata,  Hiem,  34,  154,  243. 
pergamena^  Hiem,  154,  234,  288. 
Peraimon,  Wikstr.,  70,  225. 
peraviana,  EUem,  52,  53,  155,  253. 
Pervillei,  Hiem,  38,  50,  150,  192. 
philippinensis,  Alph.  DC,  34,  57,  72, 

162,  212. 
phyllomegas,  Steud.,  71,  237. 
pilosa,  Alph.  DC,  30,  35,  72,  106, 

265. 
pilosanthera,  Blanco,  30,  35,  70,  152, 

213. 
piloBula,  Wall.,  33,  40,  70,  150,  188. 
I)lat7cal7z,  Hiem,  38,  50,  267. 


91 

»» 

138 

l> 

79 

» 

114 

M 

160 

» 

119 

19 

123 

»> 

109 

If 

» 

139 

W 

54 

f9 

83 

99 

II 

157 

II 

84 

91 

48 

II 

164 

f» 

163 

67 

146 

64 

136 


167 
43 


II 

II 


121 

147 
10 
36 


126 


76 


II 
II 
II 
II 


II 

162 

II 

26 

II 

II 

111 

II 

II 
II 
II 
II 
II 
II 
II 


II 
II 


Diospyros  platyphylla,  Welw.,  35,  48,  59,  266. 
plectosepala,  Hiem,  151,  201,  288. 
Poeppigiana,  Alph.  DC,  37,  52,  53, 

72,  156,  256,  257. 
polyalthioides,  Korth.,  33,  151,  198, 

tab.  vn. 
poljandra,  Spmce,  37,  52,  155,  251, 

289. 
prinMBva,  Heer,  272,  276,  280,  289. 
pminosa,  Hiem,  38, 59,  268. 
proriens,  Dalz.,  33, 41, 43, 74, 149, 185. 
psidioides,  Kunth,  69,  127,  270. 
pterocalyx,  Boj.,  70,  178. 
pubescens,  Pers.,  68,  83,  270. 
pubescens,  Purah,  225,  226. 
punctata,  Decaisne,  70,  221,  222. 
punctata,  Korth.,  136,  271. 
pyrrhocarpa,  Miq.,  35,  75,  266. 
quaesita,  Thw.,  30,  33,  41,  75,   148, 

157,  174. 
racemosa,  Roxb.,  69,  263. 
ramiflora,  Roxb.,  29,  34,  40,  58,  69, 

154,  235,  236. 
raminervis.  Sap.,  286,  289. 
reticulata,  Decaisne,  209. 
reticulata,  Sieb.,  179. 
reticulata,  Wall.,  208. 
reticulata,  Willd.,  68,  176. 
revoluta,  Poir.,  68,  244. 
rhodocalyx,  Kurz,  34,  77,  164,  241. 
rhododendrifolia,  Sap.,  286,  289,  290. 
rigida,  Hiem,  156,  257,  288. 
rotundiflora,  Hiem,  147,  163,  288. 
rotundifolia,  Hiem,  36,  46,  148,  181. 
Roxburghi,  Caxr.,  227,  228,  289. 
Royena,  Ung.,  76,  276,  282. 
Roylei,  Auct.,  159  =  D.  Roylii,  Wall. 
Roylii,  Wall.,  40,  70,  159,  160. 
mbiginosa.  Roth,  69,  159. 
mbra,  Gaertn.  fiL,  68,  177. 
rugosa.  Sap.,  76,  284. 
mgosula,  R.  Br.,  56,  68,  221,  222. 
rugusola,  Alph.  DC,  221. 
salicifolia,  Humb.  et  Bonpl.,  68,  128, 

129,  271. 
samoensis,  A.   Gr.,   30,  34,  46,  75, 

154,  209,  245. 
Sapota,  Roxb.,  40,  69,  244. 
Eapotanigra,  DC,  69,  244. 
sapotoides,  Kurz,  151,  206. 
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Diospyrofi  Scbeuzeri,  A.  Br.,  74,  286.                   | 

4 

99 

Sohi-tse,  Bunge,  70,  227. 

99 

aenegalensw,  Perr.,  44,  72,  165. 

35 

» 

senensiB,  Kl.,  35,  43,  75,  148.  181. 

l» 

Bericea,  Alph.  DC,  51,  53,  72,  140, 
269,  271. 

88 

»9 

sericocarpa,  F.  MueU.,  77, 114,  271. 

99 

aerrata,  HamUt,  69,  271. 

104 

f> 

specioea,  Wood,  77,  158. 

130 

M 

spinosa,  Hiem,  37,  155,  247. 

81 

M 

Spruoei,   Hiem,   37,   52,   152,   210, 

70 

tab.  VIII. 

66 

Sprucei  (tww.),  253. 

95 

W 

squamosa,  Boj.,  38,  50,  72,  153,  220. 

50 

19 

sqnarrosa,  Kl.,  36,  75,  150,  190. 

M 

stenosepala,  Heer,  276,  282,  289. 

99 

stricta,  Hort.,  290. 

15 

68 

n 

Btriota,   Roxb.,  33,   40,  41,  60,  68, 
151,  201. 

93 

91 

Btyracifolia,  Sap.,  286,  289. 

101 

42 

99 

subacuta,  Hiem,  38,  149,  186. 

49 

99 

suberifolia,  Decaisne,  150, 189. 

135 

» 

subrotata,  Hiem,  37,  49,  155,  250. 

113 

99 

smnatrana,  Miq.,  34,  74,  154,  236. 

7 

99 

sylvatica,  Roxb.,  29,  33,  41,  65,  67, 
147,  161,  287. 

99 

sylvatica,  WaU.,  40,  221,  287. 
TaJlak  (tw.),  134. 

140 

28 

99 

tessellaria,  Poir.,  29,  31,  38,  68,  148, 
175,  176,  177. 

170 

80 

99 

tetrandxa,  Hiem,  37, 152, 210,  tab.  VL 

99 

tetrandra,  Span.,  71,  211. 

98 

62 

99 

tetraspemia,   Sw.,    37,  52,  53,    67, 
151, 197. 

117. 

99 

texana,  Scheele,  32,  36,  51,  52,  73, 
154,  238. 

99 

Teysmanni,  Miq.,  75,  203. 

107 

99 

Thouaraii,  Hiem,  38,  153,  232. 

99 

Thwaiteaii,  Bedd.,  77,  164. 

99 

timoiiana,  Miq.,  35,  74, 176,  209. 

99 

tomentosa,  Poir.,  68,  233,  242. 

99 

tomentosa,  Roxb.,  40,  158. 

153 

99 

Toposia,  Hamilt,  34,  41,  53,  59,  69, 
145,  156,  263,  288. 

27 

99 

toxicaria,  Hiem,  30,  38,  44,  148, 175. 

39 

99 

tricolor,  Hiem,  35,  149,  183,  tab.  v. 
fig.  1. 

22 

99 

trancata,  ZoU.  et  Mor.,  29,  33,  54, 
55,  73,  148,  172. 

DiospyioB  Tupm,  Baoh.,  29,  31,  33,  68,  147, 
158,  159. 
„        tyracifolia,  Saporta,  286. 
„        TJmlovok,  Griffl,  73,  224. 
.  „        undulata.  Wall.,  34,  40,  41,  42,  70, 

152,  215. 

„        vaocinifolia,  EttingsL,  230. 

„        yaocinioides,  lindl.,  31,  34,  40,  41, 

52,  54,  55,  69,  153,  230. 
„        ▼aiians,  Sap.,  76,  276,  281. 
„        variegata,  Kurz,  34,  77, 151, 203,  223. 
„        velatina,  Hiem,  36,  37,  50,  51,  53, 

54,  151,  200. 
„        velutma  (var),  221. 
„        venosa,  WaU.,  40,  70,  270,  271. 
„        Temalis  {var.),  195. 
jf        vermoosa,  Hiem,  36,  147,  167. 
„        Vescoi,  Hiem,  38,  152,  218. 
„        vetusta,  Giebel,  75,  276,  277. 
„        Tirginiana,  linn.,  30,  32,  52,  58,  66, 

153,  223,  224,  228,  230,  290. 

„        virginica,  Anct     Cfr.  D.  Tirginiana. 
„         yirginicadulcis,  271. 
„        Waldemarii,  Kl.,  75,  221,  222. 
„        Weberi,  SdehL    Cfr.  D.  WeberiL 
„        Weberii,  Massal.,  75,  276,  278. 
„        Weddellii,  Hiem,  37,  51,  155,  253. 
„        Wightiana,  Wall.,  40,  70, 159,  160. 
„        Wodani,  Ung.,  73,  276,  377. 
„        xylopioides.  Mart,  37,  74,  269. 
„        ZoUikoferi,  Ung.,  76,  277,  284. 
„        ZoUingeri,   Hiem,   34,  43,    55,   59, 
153,  222. 
(q».)  Bedd,  222. 
{ap.)  Salt.,  371,  289. 
t)iospymB,  Roxb.     Cfr.  DiospyroB. 
Diplonema,  G.  Don,  27,  90. 

„        ambigna,  G.  Doi),  71,  86w 
„        elliptica,  G.  Don,  71,  92. 
Drebbelia  subarboresoens,  ZolL,  65,  75. 
Dyospyros,  Damort     Cfr.  Diospyroa. 
Ebenaoites  rugOBUS,  Sap.,  75,  272,  277,  384. 
Ebenoxylon,  Auct.     Cfr.  Ebenoxylum. 
Ebenoxylnm  veram,  Lonr.,  67,  122. 
EbentiB,  Commers.,  144,  146,  148. 
Ebenns,  Rumph.,  122.     Cfr.  Maba. 
„      leuoomelas,  Commers.,  68,  179. 
„      melanida,  Commers.,  68,  178. 
„      tessellaria,  Commers.,  68,  176. 
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Ehretia  ferrea,  Willd.,  67,  107,  117. 
£l»is  gaineensis,  Jacq.,  107. 
Embrjopteris,  Gaertn.,  144. 

diflcolor,  G.  Don,  70,  261. 
gelatinifera,  G.  Don,  70,  258. 
glutenifera,  Wight,  258. 
glutinifera,  Roxb.,  67,  258. 
Kaki,  G.  Don,  71,  227. 
Loureiriana,  G.  Don,  71,  264, 
peregrina,  Gaertn.,  67,  258. 
racemosa,  G.  Don,  71,  263. 
Ericacese,  63,  tab.  i. 

Ermellinas,  Csesalp.,  144,  146,  151,  223. 
Erjcibe  glomerata,  WalL,  40. 
Erycibese,  63,  tab.  i. 

Euclea,  Linn.,  27,  32,  58,  59,  60,  61,  63,  64, 
65,  66,  90,  144,  273,  275,  tab.  i. 
4        „        acutifolia,  K  Mey.,  36,  71,  92,  94. 
„         angnstifolia,  Bentb.,  73,  96. 
„         ApoUinis.  Ung.,  76,  275. 
14         „         bilocularis,  Hiern,  35,  92,  102. 
„         Barchellii  (ww.),  105. 
3        „        coriacea,  Alph.  DC,  36^  46,  47,  72,  90, 
91,  92,  94,  99. 
16         „         dapbnoides,  Hiem,  36,  45,  49,  92,  102, 
288. 
„         deeertonim,  Eckl.  et  Zeyb.,  73,  97. 
10        „         divinonim,  Hiem,  31,  35,  36,  46,  92, 
98,  99,  289. 
„         Dregeaua,  Alph.  DC,  72,  93. 
„         elliptica,  Alph.  DC,  72,  92. 
„         ferruginea,  Bemh.,  72,  93. 

12  „         fructuoaa,  Hiem,  35,  92,  101. 
„         herbacea.  Lour.,  67,  106. 

humilis,  Eckl.  et  Zeyh.,  73,  105,  106. 
Keliau,  Hochst.,  35,  44,  71,  92,  103. 
ElrauBsiana,  Berah.,  72,  93. 
lancea,  ThuDb.,  36,  67,  92,  95,  96. 
lanceolata,  E.  Mey.,  35,  36,  44,  45,  46, 
47,  48,  49,  71,  92,  96,  97,  272,  288. 
linearis,  Zeyh.,  36,  47,  73,  92,  96. 
macrophylla,  E.  Mey.,  36,  44,  45,  46, 
71,  92,  102. 
„         macrophylla,  E.  Mey.  d.,  101. 
„         miocenica,  Ung.,  76,  275. 
11         „         multiflora,   Hiem,  35,  36,  44,  46,  46, 
47,  48, 49,  92,  100,  271,  289,  tab.  in. 
„        myrtina,  Burch.,  49,  69,  105,  106. 

13  „        natalensis,  Alph.  DC,  36,  72,  92,  101. 
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Eaclea  ochrooarpa,  E.  Mey.,  72,  97. 
9        „        ovata,  Burch.,  36,  48,  49,  58,  69,  91, 
92,  98,  288. 
„        pilosa.  Lour.,  67,  106,  265. 

1  „        polyandra,  E  Mey.,  36,  46,  47,  49,  71, 

90,  92. 
6        „        pseudebenus,  K  Mey.,  30,  35,  36,  46, 
48,71,92,95. 
„         pnbescens,  Eckl.  et  Zeyh.,  73,  93. 

18  „         racemosa,  Linn.,  30,  36,  46,  47,  48,  49, 

52,  67,  92,  103,  104. 
„        relicta,  Ung.,  77,  272,  275. 
„        rigida,  E.  Mey.,  71,  96. 
„        rufescens,  R  Mey.,  71,  99. 

2  „        tomentosa,  E.  Mey.,  36,  48,  71,  92,  93. 

19  „        undulata,  Thunb.,  30,  31,  36,  45,  47, 

48,  49,  67,  92,  105,  288,  290. 
n.  9140,  E.  Mey.,  94. 
Euphorbiacee,  63,  106,  tab.  i. 
Eurya  acuminata,  DC,  271. 

„      aymplocina,  Blume,  270. 
Extractum  Diospyri,  259. 
Ferreola,  Roxb.,  59,  107,  108. 

„        buzifolia,  Roxb.,  67,  117. 

„        guineensis.  Solium,  et  Thonn.,  117,  288. 
Ferriola  buxifolia,  Roxb.  69,  107,  117. 
Ficus  (sp.),  K»mp£,  144,  227. 
Fomasinia  ebenifera,  BertoL,  28. 
Garcinia  malabarica,  Dear.,  67,  144,  258. 
Getonia  macroptera,  Ung.,  73,  279. 

„       petneiefolia,  »Schimp.,  279. 

„      petneseformis,  Ung.,  279. 

„      truncata,  Goepp.,  74,  279. 
Guaiacana,  Toum.,  144,  146,  150. 
Guaiacanse,  Juss.,  57. 
Guaiacum  (sp.)  Gerarde,  144,  223. 
Guatteria  flavicana.  Wall.,  70,  145,  205. 
Guniaanthus,  Alph.  DC,  63,  64,  66, 145,146,150. 

„  pilosulua,  Alph.  DC,  72,  189. 

Hebenaater,  Rumph.,  144,  244. 
Highulaenda,  Herai.,  117. 
HolochiluB,  Dak,  64,  107,  109. 

„  micranthus,  Dalz.,  74,  133. 

HumiriacesB,  63,  tab.  i. 
Hydrocharia  ovata,  Ludv.,  285. 
HidnesB,  27,  62,  287,  tab.  i. 
Juglana  acuminata,  Ludw.,  280. 
„        Tentricoaa,  Ludw.,  280. 
Juniperus  communis,  L.,  96. 
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Kellana  Sohimperi,  Alph.  DO.,  71,  90,  103. 

Labatift  Sohenzeri,  A.  Br.,  286. 

Lauiineee,  63,  270,  tab.  l 

Leguminossa,  28. 

Leacoxilon  lanrinum,  E.  Mey.,  71.  {ExeL)> 

LeucoxjloD,  Auct.     Ofr.  Leucoxylum. 

Leucoxylum,  Blume,  64,  66,  144,  146,  152. 

„  buxifoUum,  Blume,  27,  69,  218. 

lignam  Vita,  Gerarde,  144,  223. 
Loeselia,  L.,  78. 
Lotus  (sp.),  Camer.,  144,  223. 
Maba,  Foret,  30,  32,  59,  60,  61,  63,  64,  65, 
66, 106, 270, 273,  285,  287,  290,  tab.  i. 
„      abyBsinica,  Hiem,  35,  44, 109,  132. 
„      acapulcensis,  Hiern,  36,   50,   109,  128, 

129,  270. 
„      aeuminata^  Hiem,  32,  108,  112. 
„      albenB,  Hiem,  36,  50,  109, 126,  270. 
^       Andereoni,  Sol.,  32,  76,  108,  124. 
„       angustifolia,  Miq.,  75,  117. 
„      Beccarii,  Hiem,  110,  140,  288. 
„      buxifolia^  Pew.,  29,  80,  31,  32,  35,  36, 
38,  40,  41,  42,  44,  48,  50,  56,  64,  68, 
108, 116,  123. 
„       OargHlia,  F.  Muell.,  76,  246,  290. 
„       caribfiea,  Hiem,  37,  52,  109,  125. 
„       cauliflora,  Hiem,  37,  58,  110,  142,  270. 
„       compacta,  R.Br.,36, 57, 68, 108, 121,124. 
„      confertiflora,  Hiem,  33,  65, 110,  136. 
„      cordata,  Hiem,  110,  141,  288,  290. 
„       Oumingiana^  Alph.  DO.,  57,  73,  117. 
„      cupulosa^  F.  Muell.,  76, 114. 
„      diflEusa,  Hiem,  38,  50,  108,  111. 
„      Ebenoi^lon,  G.  Don,  71,  123. 
„       Ebenns,  Spreug.,  69,  123. 
„      Ebenus,  Wight,  117. 
„      eUiptica,  Foret.,  32,  38, 56,  67,  108, 122, 

125,270. 
„      elliptica,  Seem.,  116,  118. 
„      faBciouloea,  F.  Muell.,  36,  38,  55,  56,  76, 

110,  135,  270. 
„      foHosa,  BicL,  38,  56,  75,  108,  113. 
„      geminata^  K.  Br.,  30,  36,  54,  56,  68, 108, 
117,  119,  270. 
glabreaoens  (t»xr.),  118. 
granatensiB  (vor.),  128. 
„       Griaebachii,  Hiem,  37,  52,  109,  125. 
„      guineensis,  Alph.  DO.,  73,  116,  117. 
^      hemicjcloides,  F.  Muell.,  36,  77, 108,  111. 
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Maba  hermaphroditica,  Zoll,  33,  55,  74,  110, 

137. 
„       Hilairei,  Hiem,  37,  54,  110,  143. 
„      Hillebrandii,  Seem.,  38,  55,  76, 108, 122. 
„       humilia,  R.  Br.,  36,  56,  68,  108,  119, 

120,  270. 
„      inconstans,  Griseb.,  37,  50,  51,  52,  53, 

54,  76,  109,  127,  201,  270. 
„      interstana,  F.  Muell.,  76,  121. 
„      intricata,  Hiem,  32,  50,  109,  126. 
„      javanica,  ZolL,  33,  74,  110,  138. 
„      lamponga,  Miq.,  33, 69,  75, 107, 110, 133. 
„       lanoea,  Hiem,  36,  107,  108,  118. 
„      lanceolata,  Hiem,  38,  109,  131,  270. 
„       laurina,  R.  Br.,  36,  56,  68,  108,  115. 
„      laxiflora,  Benth.,  77,  135. 
„       littorea,  R.  Br.,  56,  68,  117. 
„       madagaficariengis,  Alph.  DO.,  73,  117. 
„      Maingayi,  Hiem,  33,  42,  110,  138,  288. 
„       major,  G.  Forst.,  31,  32,  67, 108, 124, 125. 
,,       Mannii,  Hiem,  35,  43,  44,  109,  129. 
„      megalocarpa,  F.  Muell.,  76,  211. 
„       Mellinoni,  Hiem,  37,  110,  143. 
„      merguensifl,   Hiem,   33,   41,    110,   134, 
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micrantha,  Hiem,  33,  109,  133. 
microphylla  (ww.),  117. 
Motleyi,  Hiem,  33,  56,  110,  139. 
Mualata,  Welw.,  30,  36,  48,  108,  111. 
myristicoides,  Hiem,  37,  52,  110,  142. 
myrmecocalyz,  Hiem,  110,  139,  288. 
myrmecocarpa,    Hiem,    37,    110,    141, 

270. 
oataXensis,  Harv.,  36,  44,  76,  109,  131. 
neilgherrensis,  Wight,  73,  117. 
nigrescens,  Dalz.,  32,  43,  75,  108,  115. 
oblongifolia,  Hiem,  32,  108,  112. 
obovata,   R.  Br.,  36,  56,  68,  107,  108, 

119. 
obovata  (var.\  128. 
ovalifolia,  Hiem,  32,  59,  108,  113. 
Pavonii,  Hiem,  36,  109,  129. 
pentamera,  F.  Muell.,  76,  239,  290. 
punctata,  Hiem,  33,  55,  107,  110,  136, 

271,  288,  tab.  iv. 
quadridentata,  F.  Muell.,  76,  239,  290. 
quiloensia,  Hiem,  35,  109,  132. 
reticulata,  R.  Br.,  36,  57,  68,  108,  121, 

122. 


Digitized  by 


Google 


Hx  HIERN,  ON  EBENACELS. 


299 


Maba  revoluta,  Vieill.,  66,  114. 
8        „      rufa,  LabUl.,  36,  38,  56,  69,  108,  114, 

123,  270,  271. 
43        „      raminata,  Hiem,  38,  56,  110,  135. 
31         „       salicifolia,  Hiem,  109,  129,  271. 
11         „      sandwicensijB,   Alph.   DC,   38,    55,   73, 

108,  116. 
53        „      sericea,   Hiem,  37,  49,  110,  140,  270, 
271. 
„       serioocarpa,  F.  Muell.,  76,  114. 
34        „       Seychellarum,  Hiem,  38,  50,  107,  109, 
130. 
„       Smeathmanni,  Alph.  DC,  73,  117. 

21  „       sttmatraua,  Miq.,  33,  55, 74, 108, 123, 124. 
46        „       Teijsmaiini,  Hiem,  33,  110,  137,  288. 

„       vaccinusfolia,  Bentb.,  73,  117. 

22  „      VieiUardi,  Hiem,  38,  56,  108,  124. 
Mabba,  Mason.  Cfr.  Maba. 

Macreigbtia,  Alph,  DC,  64, 66, 107, 109, 273, 285. 

„  acapulcensis,  Alph.  DC,  72,  128. 

„  acuminata,  Thw.,  41,  76,  112, 

„  albens,  Alph.  DC,  72, 127. 

„  andamanica,  (Kurz),  77,  124. 

„  buxifolia,  Griseb.,  76,  125. 

„  caribiea,  Alph.  DC,  72,  126. 

„  caribsea,  Griseb.,  126. 

„  conduplicata,  Alph.  DC,  72,  127. 

„  geraianica,  Heer,  75,  284. 

„  inconstans,  Alph.  DC,  72,  127. 

„  intricata,  A  Gr.,  75, 126. 

„  italica,  Massal.,  75,  286. 

„  longipes,  Ettingsh.,  284,  285,  289. 

,^  microcaljx,    Ettingsh.,   284,   285, 

289. 

„  miinzenbergensis,   Ettingsh.,    284> 

285,  289. 

„  myiistiooides,  Sprace,  142,  289. 

„  oblongifolia,  (Kurz),  124. 

„  oblongifolia,  Thw.,  41,  75,  112. 

„  oboTata,  Mart,  74,  127. 

„  oTalifolia,  Thw.,  41,  76,  113. 

„  Pavonii,  Alph.  DC,  72,  129. 

„  psidioides,  Alph.  DC,  72,  127. 

„  umbellata^  MassaL,  75,  286. 

Macreigthia,  Stiehl.     Cfr.  Macreightia. 
Magnoliacee,  63,  tab.  i. 
Marcreightia,  Kurz,  124.     Cfr.  Macreightia. 
Melonia(§),  146,  147,  235. 
Monodora  microcarpa)  Dunal,  69, 144,  246. 


Myrsine  Kellau,  Hochst,  71,  90,  103. 
MyrsinesB,  63,  tab.  i. 
Noltia,  Schum.,  64,  144,  146,  149. 
Noltia  tricolor,  Schum.  et  Thonn.,  69,  183. 
OlacinesB,  61,  63,  65,  tab.  L 
Olax,  L.,  65. 
OleacesB,  63,  tab.  i. 
Padus  (sp.),  Bumi.,  90,  104. 
Paralea,  Aubl.,  144,  146,  154. 
„       guianensis,  Aubl.,  67,  240. 
„       gujannensis,  AubL,  240. 
Paralia  guianensiB,  Desv.,  240. 
Patonia  (§),  146,  152. 

„        Walkerii,  Wight,  71,  146,  214. 
Pishamin,  Parkins.,  144,  225. 
Pisonia  buxifolia,  Rottb.,  67,  107,  117. 
Pistachia  (sp.),  Plukn.,  78,  80. 
Plumeria  Mos-Satumi,  Ung.,  73,  277. 
Porana,  Burai.,  274,  284. 
Pseudo  lotus,  Cam.,  144,  223. 
Rhipidostigma,  Hassk.,  64,  107,  110. 

„  Teijsmanni,  Hassk.,  74,  137. 

„  Zollingeri,  Hassk.,  74,  138. 

Rhododendron  Apollinis,  Ettingsh.,  76,  275. 
Rospidios,  Alph.  DC,  64,  66,  145,  146,  155. 
„         Taccinioides,  Alph.  DC,  72,  230. 
Royena,  Linn.,  28,  32,  58, 59,  60,  61,  63,  65,  66, 

78,  79,  84,  195,  273,  tab.  i. 
„       Amalthe«9,  Ung.,  77,  273,  274. 

8  „       ambigua,Vent,36,47,67,79,84,86,270. 

„       angustifolia,  Willd.,  67,  83. 

„       brachiata,  K  Mey.,  71,  85. 
10  „      cistoides,  Welw.,  35,  48,  78,  79,  87. 

2  „      cordata,  E.  Mey.,  35,  36,  44,  45,  49,  71, 

79,  81,  82,  288. 

„      cuneata,  Poir.,  68,  83. 
„      cuneata,  Spreng.,  85. 
„      cuneifolia,  E.  Mey.,  71,  85. 
„      deeidua,  Borch.,  48,  49,  69,  85. 
„      euboea,  Ung.,  77,  273,  274. 
„      felcata,  E.  Mey.,  72,  88. 
U  „      glabra,  Linn.,  36,  46,  47,  48,  49,  66,  79, 

88. 
13  „      glandulosa,  Hary.,  36,  79, 89, 288,  tab.  ii. 

„      griBca,  Ung.,  77,  273,  274. 
„       hirsuta,  Eckl.,  81. 
y,      hirsuta,  Jacq.,  85. 
5  „      hirsuta,  Linn.,  36,  46,  46,  47,  48,  49, 

66,  79,  83,  270,  272. 
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Koyena  hirsuia,  Sieb.,  88. 

„       hispidula,  Harv.,  85,  86. 

„      latifolia,  WiUd.,  68,  84,  90. 

„      lucida,  Liim.,  30,  35,  36,  45,  46,  49,  66, 

79,  80. 
„       lycioides,  Deaf.,  69,  85. 
„       macrophylla,  E.  Mey.,  72,  101. 

media,  Hort.,  71,  90. 

microphylla,  BurcK,  48,  49,  69,  83. 

Myosoids,  Vug.,  77,  273,  274,  284. 

myrtifolia,  Wendl.,  69,  88. 

nitens,  Harv.,  36,  46,  79,  87. 

oleifolia,  Desf.,  85. 

opaca,  E.  Mey.,  71,  81. 

pallens,  Thunb.,  35,  36,  44,  45,  46,  47, 
48,  49,  67,  78,  79,  85,  86,  87,  270, 
288. 

parviflora,  Hiem,  36,  45,  63,  78,  79,  88. 

Pentelici,  Ung.,  77,  273,  275. 

polyandra,  Linn.  fiL,  67,  90,  92. 

polyandra,  /5,  Pers.,  86. 

pubescens,  Willd.,  68,  85. 

ramulofia,  E.  Mey.,  72,  85. 

rufescens,  E.  Mey.,  71,  99. 

rugosa,  E.  Mey.,  71,  83. 

Bcabra,  Burm.,  66,  82. 

scabrida,  Harv.,  35,  45,  79,  82. 

scandens,  Burcli.,  49,  82. 

sericea,  Bemh.,  72,  85. 

sessilifolia,  Hiem,  36,  78,  79,  84,  90. 

supra-cordata,  Burcb.,  49,  81. 
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Royena  villosa,  Linn.,  35,  36,  44, 45, 47,  49,  66, 
79,  82. 
„       (sp.)  n.  15,  Eckl.  et  Zeyb.,  90. 
„       (sp.)  n.  9140,  Drege,  90,  94. 
Royenia,  Auct.,  78.     Cfr.  Royena. 
Rymia,  Endl.,  90. 

„         polyandra,  Endl.,  92,  288. 
Sapota  nigra,  Blanco,  70,  145,  244. 
Sapotace®,  62,  63,  270,  tab.  i. 
Sph«ria  (sp.),  100. 
Staphylodendron,  Herm.,  78,  80. 
Stapbylodendnun,  Commelin.,  78,  80. 
SterculiacesB,  28. 
Styrace»,  27,  62,  63,  tab.i. 
Tamarix,  L,  96,  98. 
Ternstroemiace®,  62,  63,  tab.  i. 
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III.     On  the  equation  which  determines  the  form  of  the  strata  in  Legendre's  and 
Laplace's  theory  of  the  Figure  of  die  Earth. 

[Received  Oct.  16,  1871.     Read  Oct.  30,  1871.] 

1.  The  equation  to  which  the  present  memoir  refers  is  the  following: 

This  equation  will  be  found  in  the  M4can{que  Cdeste,  Livre  in.  §  30.  Laplace  uses 
substantially    this    notation;    but    he    denotes  our  a^  by  unity.    English  writers  generally 

use  accented  letters  for  the  variables  under  the  integral  sign;    thus  instead  of    /    pa^da 

•'o 

they  use   I   pa*da\    This  is  more   explicit  than  Laplace's  notation;  but  with  a  little  care 

•'o 
no    error   will    arise    from    the    omission    c^   the   accents.     In    Laplace's    notation    symbols 

which    are    not   under  the    integral    sign  refer  to  the  value  a;    when  they  refer  to  the 

special  value  a^  we  shall  use  the  suffix  1. 

The  above  equation,  as  is  well  known,  presents  itself  in  the  theory  of  the  Figure 
of  the  Earth  considered  as  a  heterogeneous  fluid;  and  in  that  theory  the  equation  has 
to  hold  for  all  positive  integral  values  of  n  except  w  =  2.  In  the  case  of  n  =  2  the  right- 
hand  member  is  not  zero. 

2.  Clairaut  first  obtained  the  equation  for  the  case  of  n  =  2:  see  his  Figure  de  la 
Terre,  page  273.  D'Alembert  afterwards  arrived  at  results  equivalent  to  the  cases  of  w  =  l 
and  n  =  3,  besides  the  case  of  n  =  2:  see  his  Recherches,..du  SystSme  du  Mcmde,  Yol.  III. 
pages  226... 228,  and  his  Opuscules  Maib4matiques,  Vol.  v.  page  5. 

The  general  equation  for  all  positive  integral  values  of  n  appears  in  two  memoirs, 
one  by  Legendre  and  one  by  Laplace,  both  published  in  the  memoirs  of  the  French 
Academy  for  1789.  Legendre  claims  for  himself  the  priority  of  date;  see  page  372  of 
the  volume. 

3.  It  has  been  the  object  of  mathematicians  to  demonstrate  that  except  1^  =  0 
there  is  no  value  of   Y^  which  will  satisfy  (1);  or  at  least  no  value  which  is  admissible 
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iu  the  theory  of  the  Figure  of  the  Eaxth.  I  propose  to  examine  these  demonstrations, 
to  shew  distinctly  on  what  assumptions  they  rest,  and  what  objections  may,  in  my 
opinion,  be  brought  against  some  of  them. 

4.    From  the  primary  equation   (1)   a  certain  differential  equation  has  been  derived; 

this  was  effected  by  Clairaut  and  D'Alembert  for  their  particular  cases,  and  by  Legendre 

and  Laplace  generally.  It  will  be  necessary  for  our  purpose  to  give  the  steps  of  the 
process  separately. 

Multiply  (1)  by  a"*^  thus 

Differentiate  with  respect  to  a;  thus  we  obtain 

§«-/;p«'^  +  na-r./Via-a-/;p|^(^^)^  =  0 (3). 

Divide  by  a**;  thus 

ffi.'/;^-d,+».-r./V&-/;4(^)*..» (♦). 

Differentiate  with  respect  to  a;  thus  we  obtain 

^hiy^-^'-i-^-  M'^iy^-^}-" (»)■ 

This  is  the  differential  equation  deduced  from  the  primary  equation  (1) ;  any  value 
of  I^  which  satisfies  (1)  must  satisfy  (5) :  and  as  (5)  may  be  considered  an  equation 
of  a  more  usual  kind  than  (1)  the  labours  of  mathematicians  have  naturally  been  much 
directed  to  the  discussion  of  (5). 

6.  But  of  course  the  primary  equation  (1)  is  really  that  which  is  to  be  solved, 
if  possible;  so  that  supposing  we  have  a  value  of  Y^  which  satisfies  (5)  we  have  to 
examine  conversely  if  it  will  also  satisfy  (1),  or  to  investigate  the  conditions  under 
which  it  will  satisfy  (1).  This  is  a  very  simple  matter,  but  does  not  appear  to  me  to 
have  ever  been  distinctly  considered. 

We  may  represent  (1)  symbolically  thus,  I{Y^  =  0,  where  /denotes  a  certain  complex 
operation  chiefly  of  the  nature  of  integration.  Now  suppose  we  have  obtained  a  solution 
of  (6),  say  Y^  =  <f>(a)f  we  have  then  to  determine  the  value  of  /{^(a)}  so  as  to  ascertain 
whether  it  vanishes,  or  under  what  conditions  it  will  vanish. 

We  start  then  with  the  value  <f>  (a)  for  Y^,  which  by  hypothesis  satisfies  (6).  Integrate 
with  respect  to  a:  thus  we  arrive  at  an  equation  which  can  only  differ  from  (4)  by 
the  presence  of  some  arbitrary  constant,  that  is  a  constant  with  respect  to  a.  Thus 
we  have 

^a-/>-^+».-*(a)/;^*.-/>^{iW}d..^ (6), 
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where  H  denotes  this  arbitraiy  constant.    Multiply  by  c^;  thus 

^o-/'p«'da+«a-^(a)/V'i«-«-/%^{^}*»  =  5a«-  (7). 

Integrate  with  respect  to  a.    Thus 

where  K  is  another  arbitrary  constant. 
Divide  by  o**'.    Thus 

Thus  we  see  that 

^l*(«)J-2^+#^ <1")- 

Moreover  the  values  of  H  and  K  can  now  be  definitely  expressed. 

For  since  (6)  is  true  for  all  values  of  a,  we  may  put  a^a^;  thus  we  see  that 


Again  since  (8)  is  true  for  all  values  of  a,  we  may  put  a^a^;  thus  we  see  that 
2n- 


^  +  ir-^(a>,-/Vd«-.^/%^{0(«)a-}& (12). 


Thus  the  values  of  H  and  K  are  assigned  by  (11)  and  (12). 

It  is  obvious  from  (10)  that  /{^  (a)}  will  not  vanish  for  all  values  of  a  unless 
we  have  both 

^aO  and  JSTbO. 

6.  Let  us  now  examine  Legendre's  process  for  shewing  that  there  is  no  admissible 
solution  of  the  primary  equation  (1),  except  T^^O. 

Legendre  first  considers  what  we  can  infer  from  supposing  a  very  small 

Whatever  be  the  law  of  density,  as  we  shall  assume  that  the  density  decreases  from 
the  centre  to  the  surface,  we  may  put  p—ga^^  where  g  and  m  are  constants,  m  being 
positive  or  zero.    If  m  is  not  zero  then  the  density  is  infinite  at  the  centre;  but  this 

is  admissible   provided  I  pcfda  vanishes  with  o^    so   that  the  mass  may  be  infinitesimal 

Jo 

when  the  volume  is  such.    Now  la*"*da  =  H +  constant;    so   that  provided  m  is  less 

than  8  the  mass  does  vanish  with  a. 
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Legendre    denotes   /    po?da  by  a\  and  he  transforms  the  differential  equation  (5)  by 
putting 

Thus  we  shall  obtain  from  (5) 

S-«(-4-|"l«=« w 

With  the  assumed  value  of  p  we  have 

a*  dp  _^    m  (3  —  m) 
a-  da"  a*       ' 

so  that  when  a  is  very  small  (13)  becomes 

^  =  {n(n  +  l)-m(3-m)}|. 

The  solution  of  this  differential  equation  is 

Q  =  Aa'+Ba'Z 
where  A  and  B  are  arbitrary  constants,  and 


''-h^{{^+l)'—^(^-^')}' 


The  term  Ba^  must  be  rejected  as  inadmissible  in  our  case ;  for  if  this  were  retained 
we  should  have  Q  infinite  when  a  is  zero,  and  therefore  also  Y^  infinite.  Thus  the 
only  admissible  value    of   the    arbitrary  constant   B    is   zero.    Therefore  when  a  is  very 

small  we  have  Y^  =  —  . 

a- 

7.    Legendre  next  shews  that  numerically  Y^  increases  from  the  centre  to  the  surface. 
Divide  both  sides  of  (1)  by  a*;  and  then  differentiate  with  respect  to  a:  thus  we 

obtain 

dY^  <T       (n  +  l)cr  1    rd.y,^ 

therefore 

''cr'^  =  in  +  l)aa'Y,-^jy^iY,anda (14). 

Let  «  =  l   a' ^^ da,  so  that  cr=»^  — ^. 

Then,  by  integration  by  parts, 

=  (3<r  +  »)a"r.-£a-r.gda 
=  3«ro«  r,  +  r  «  ^  (a«  rO  do. 
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Hence  (14)  may  be  expressed  thus: 

Now  since  we  assume  that  p  decreases  from  the  centre  to  the  surfisuie  mM  always 
negative. 

And  n  may  be  supposed  greater  than  2,  for  the  case  of  nail  is  treated  by  Legendre 
separately. 

Equation  (15)  then  shews  that  if  a*7i,  and  ^(^"^)  ^^^  ^^  same  sign  at  the  origin, 
that  is  when  a  is  zero,  they  always  have  the  same  sign* 

For  suppose  this  sign  at  the  origin  to  be  positive.    If  the  sign  of  -^  can  ever  become 

negative  suppose  that  it  first  becomes  negative  when  a  has  the  value  a^.  Then  for  this 
value  the  right-hand  side  of  (15)  would  be  positive  and  the  left-hand  side  negative ;  which 
is  absurd.  [Legendre  puts  the  argument  differently;  but  not  as  I  think  so  decisively.] 
Now  from  the  value  of  YJ,  in  Art  6,  combined  with  the  value  of  cr,  it  is  obvious  that  at 

the  origin  Y^  and  -y^  have  the  same  sign;  therefore  they  always  have. 

8.  Then  for  the  final  step.  We  have  seen  that  I{<f>(a)}  will  not  vanish  unless  both 
if  and  K  vanish.     The  simplest  process  would  be  to  remark  that  if  ^  (a)  is  an  admissible 

solution  H  will  not  vanish :  see  equation  (11).     For  we  have  just  shewn  that  j-  {a"^  (a)} 

caonot  vanish  for  any  value  of  a. 

But  Legendre  did  not  investigate  the  value  of  /{^(a)},  and  so  his  procesn  is  less 
simple.  His  process  is  in  effect  equivalent  to  shewing  that  the  right-hand  member  of  (12) 
will  not  vanish.  He  introduces  co  as  in  Art.  7»  and  then  it  followi^  that  to  make  the 
right-hand  side  of  (12)  vanish  we  must  have 

^    d 


(2n  ~  2)  afl,-i>  (aj  =/^"'«^  {«**  ^fl)}da^ 


and  this  is  impossible,  for  on   the   right-hand  side  we  have  a  quantity  of  one  sign,  and 
on  the  left-hand  side  a  quantity  of  the  contrary  sign. 

9.  Such  then  is  Legendre's  treatment  of  the  problem.  His  main  assumption  is  that 
p  decreases  from  the  centre  to  the  surfSace.  Also  he  assumes  .that  near  the  origin  the  law 
of  density  is  determined  by  p^ga^,  where  m  is  zero  or  positive  and  less  than  3.  It  is 
of  course  easy  to  suggest  forms  for  the  density  which  do  not  admit  of  being  represented 
by  ga^  when  a  is  very  small.  For  instance  such  a  term  as  cf  log  a  might  occur  in  the 
expression  of  the  density;  and  this  cannot  be  expanded  in  powers  of  a.  The  assumption 
which  Legendre  makes  of  the  law  of  density  near  the  origin  is  required  by  him  for  the 

Vol.  XXL  Part  L  39 


Digitized  by 


Google 


S06  Mb  T0DHUNT£B»  ON  AN  EQUATION 

paipoBO  of  shewing  that  oPY^  and  ^ (a*F«)  have  the  same  sign  at  the  origin;  so  that  if 

it  should  appear  a  more  obvious  assumption  we  may  at  once  assume  this  instead  of  as- 
suming the  law  of  density. 

We  see  that  Legendre  does  not  undertake  to  shew  that  the  primary  equation  /(I^sO 
has  no  solution,  but  only  that  it  has  no  admissible  solution  with  respect  to  the  Figure  of 
the  Earth;  that  is  he  shews  that  there  is  no  solution  in  which  Y^  is  restricted  to  be 
always  finite. 

10.  Let  us  now  illustrate  the  process  by  examples.  We  begin  with  one  which  has 
been  partly  considered  by  Legendre. 

Suppose  n-1  in  (3) ;  then  it  becomes 

,^(.r)..-/_%|(«7)*. 

where  T  is  used  instead  of  F^  to  represent  the  general  value  of  the  unknown  quantity. 
Multiply  by  p:  thus 

Hence  by  integration 

of  p^{aT)da^C,  a  constant, (16); 

therefore  j  p^(aF)do«»-; 

therefore  ""^^^''^J  =-?^  =  -?^5 

therefore  ^^"•^^"'?'** ^^^' 


OJ^da  +  E, 


therefore  aY* 

and  Y'- 

where  £  is  a  constant. 

We  see  from  (17)  that  —  is  equivalent  to  the  ^ of  equation  (11).    Hence  /(F)  =  0  will 
not  be  satisfied  unless  (7»0. 

And  we  see  that  then  by  (12) 


ir-&.   ^f" 


-^,-^(r,-0. 
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Hence  when  n»l  if  I^=s~  we  do  have  I{Y^^O.    This  result  is  of  no  importance 

in  L^endre's  theory  because  he  expressly  limits  iP],  to  be  finite;  and  moreover  by  pro- 
perly choosing  the  origin  the  term  F,  for  the  case  of  n  s  1  is  made  to  disappear.  But  the 
result  will  be  of  service  to  us  hereafter. 

11.    Now  leaving  n  xmrestricted  let  us  take  a  special  law  of  density,  namely  one  given 
by  Legendre.    Let 

p^ga^  +  ha'^; 

as  we  have  seen  in  Art.  6  this  is  admissible  provided  m  is  less  than  3.  Wi^  this  value 
of  p  we  find  that 

S  —  iw  m     ' 

^dp        m(8-w) 
and  -;/;;  =  '        :?       ^^^^ 


a 


da 


HencOi  proceeding  as  in  Art  6,  we  find  that  the  differential  equation  gives 


where  c  has  the  value  there  assigned. 

We  will  now  with  Legendre  omit  the  term  which  involves  the  negative  power  of  Oi 
as  inadmissible  in  our  theory:  thus  we  have 


•^-       a-  • 

Hence  from  (11)  we  hare 

-„f,j(«  +  c)a-. 

.^J(n  +  o)a-V 

-«*^/>}t 

This  will  vanish  of  course  if  ^  »  0,  which  makes  Y^  also  vanish. 
It  will  also  vanish  if 

But  Legendre  says  that  if  (19)  be  supposed  to  hold  we  shall  find  that  ^  is  not  always 

negative;  this  is  quite  true  and  is  easily  verified. 

39—2 
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For  (19)  may  be  thus  expressed 


But*  \,-fia!.JPa.f  da, 

so  that  bi  is  greater  than  '—^  if  ^  is  always  negative. 

And  as  n  +  c  is  greater  than  3  we  have  a  fortiori  o-|  greater  than  -^^  if  -/  is 
always  negative. 

It  is  obvious  that  (19)  might  always  be  satisfied  as  it  determines  only  the  ratio  of 
g  to  h;  and  Legendre  implies  that  if  we  had  not  assumed  p  to  decrease  from  the  centre 
to  the  surfiEUse  we  should  thus  have  found  a  value  of  F,  to  satisfy  /(FJ^O.    Legendre 

however  seems  to  overlook  the  equation  (18) ;  in  virtue  of  this  if  ■£^  changes  sign  it  must 

be  when  a-  vanishes,  and  in  his  theory  it  is  of  course  impossible  that  a,  which  is  propor- 
tional to  the  mass,  should  vanish  when  a  is  not  zero. 

Thus  it  will  be  seen  that  equation  (19)  is  quite  inadmissible  in  Legendre's  theory,  in 
which  p  and  o-  denote  positive  quantities,  and  a  must  increase  with  a.  Therefore  with 
thi»  particular  law  of  density  we  have  consistently  with  the  general  proposition  no  solution 
admissible  of /(FJ^O,  except  F,^0. 

12.  Nevertheless  it  will  be  convenient  for  our  purpose  to  examine  the  consequences 
which  follow  from  (19).  Assuming  that  we  make  H  vanish  by  means  of  this  ration  we 
proceed  to  consider  whether  K  will  also  vanish.    Return  to  equation  (12). 

We  have  ^p  ^  {^  (a)  a"*'}  da 

^P.ar4>M^jy^A^^£da     ^  ^ 

=  PA***^  M-i-Am  (3  -  m)  I    oT^^da 

Hence  IT-^Wa^j^.-^J^^  [p.<,.  +  l(|=^.]}. 
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To  make  this  vanish  we  must  have 

{(2n  +  l)(n  +  c)-m(8-m)}cri«(n  +  c)p,a,' (20), 

1  /       1\* 

But  »«  +  n  +  ^-iii(8-m)«fc-2J  ; 

thus  2n*  +  2no  +  n  +  c-m(3-m)  =  (n  +  c)*, 

so  that  (20)  becomes 

that  is  (»  +  c)<rj  =  pia^", 

and  this  is  in  fact  equivalent  to  (19),  so  that  K  does  vanish. 

We  have  therefore  the  following  result:  if />=^a"*  +  Aa*"*,  and  F,  =  — •,  then  /(F^ssO, 

provided  h  and  g  be  taken  in  the  proportion  assigned  by  (19). 


13.  It  may  however  be  conjectured  that  since  Y^  becomes  infinite  when  a-  vanishes 
in  the  preceding  Article  we  shall  find  our  primary  equation  (1)  is  really  not  satisfied. 

But  on  examination  this  apparent  difficulty  will  disappear.  The  first  term  in  (1)  is 
—2-  ;  so  that  provided*  the  product  of  F,  into  a  remains  finite  there  is  nothing  inad- 
missible.   Then  by  int^ratio)^  by  parts  the  other  terms  of  (1)  may  be  transformed  into 

that  is  into 

Now  ^  = ^   "^    ^     ,  so  that  the  product  F,^  remains  finite  when  c  vanishes. 

Hence  the  conclusion  arrived  at  in  Art.  12  remains  undisturbed  by  the  vanishing  of  a. 

14.  In  the  example  of  Art.  12  it  will  be  seen  that  when  by  a  certain  relation 
between  constants,  we  had  secured  the  vanishing  of  H,  then  K  also  vanished.  And  this 
in  fa/st  might  have  been  anticipated.  For  since  (8)  is  true  for  all  values  of  a»  we 
may  put  a=»0;  then  since  we  assume  that  T^  is  finite  or  zero  when  assO,  we  see 
that  K  must  be  zera 

Thtis  any  solution  of  (5)  which  is  never  infinite  necessarily  makes  K^  0,  and  reduces 
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15.  Let  us  now  advert  to  Laplace's  discussion  of  the  primaty  equation.  It  will  be 
sufficient  to  touch  briefly  on  this  as  the  M^niqtie  Cileate  is  readily  accessible,  and  Laplace's 
method  has  been  reproduced  by  others.  Laplace's  discussion  is  essentially  of  the  same 
kind  as  Legendre's,  the  differences  being  not  important. 

Laplace,  however,  considera  that  the  density  must  be  Jmile  at  the  origin.  This 
amounts  to  saying  that  the  m  in  Art.  6  must  be  zero;  and  therefore  the  o  of  that 
Article  becomes  n  + 1.  It  seems  to  me  that  there  is  no  reason  for  Laplace's  assertion, 
and  that  Legendre  is  correct  in  saying  that  all  that  is  essential  is  that  the  mass  should 
be  infinitesimal  when  the  volume  is  such.  K  we  take  the  ordinary  law  of  gravity  we 
might  at  first  consider,  it  to  be  a  serious  difficulty  that  the  force  becomes  infinite  for 
particles  in  contact ;  but  really  there  is  no  difficulty  inasmuch  as  the  attraction  of  a  sphere 
on  a  particle  at  its  surface  is  infinitesimal  when  the  sphere  is  such. 

By  assuming  that  the  density  must  be  finite  at  the  origin,  Laplace's  discussion  is 
rendered  somewhat  less  general  than  Legendre's.  Laplace  gives  a  proposition  like  that  of 
Legendre's  in  Art.  7. 

Laplace's  final  step,  like  Legendre's,  consists  in  shewing  that  the  right-hand  member 
of  (12)  does  not  vanish,  except  when  ^  (a)  is  always  zero. 

For  by  integration  by  parts  we  have 

(2n  + 1)  ^  (a>;  j^/)a*(fa  -  j^  p  ^  1^  (a)a*«|  da 

This   is   necessarily  positive.     For  -^  is  negative  by  supposition;  and  by  Art.  7,  or 

by   Laplace's    equivalent   demonstration,   ^(a)    increases   with    a,    so    that    the    expression 

5  (2n  + 1)  ^  (aO  tti*  -  ^  (a)  a"  is  necessarily  positive. 
o 

16.  Laplace's  main  assumption  is  that  p  decreases  from  the  centre  to  the  surface. 
Also  he  assumes  that  at  the  origin  the  density  is  finite.  It  might  seem  on  glancing  at 
his  process  that  he  also  assumes  F»  to  be  always  capable  of  expansion  in  powers  of  a; 
but  in  reality  it  is  sufficient  for  him  to  assume  that  such  is  the  case  when   a  ia  very 

smalL    The  assumption  is  made  to  enable  him  to  shew   that  T^  and  -^^  have  the  same 

sign  at  the  origin;  and  therefore  we  may  if  we  please  assume  this  if  it  appear  more  obvious 
instead  of  the  assumption  which  Laplace  makes. 

On  the  whole  although  the  difference  is  slight  between  the  processes  of  Legendze 
and  Laplace,  the  former  appears  to  me  rather  the  better.  Laplace  like  L^^endre  confines 
himself  to  shewing  that  the  equation  J(F,)  sO  has  no  admisMU  solution  except  T^mQ, 
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17.  I  now  proceed  to  the  treatment  of  the  equation  which  we  find  in  O'Brien'g 
McUh&matical  Tracts  published  in  1840.  As  I  am  persuaded  that  this  treatment  is  altogether 
illusory,  I  must  present  it  fairly  to  the  reader.  I  will  therefore  use  very  nearly  the 
author^s  words,  but  change  the  notation  slightly  to  conform  to  that  already  adopted. 

Let  t;  and  v'  be  two  quantities  which  satisfy  the  equations 

/(r)-a-,        /(tO-^.  (21). 

and  let  0  and  C  be  two  constants:   then 

will  be  a  solution  of  (5);  for  performing  the  operation  I  on  both  sides  of  the  equation 

we  have  /( F.)  =  /(On  +  O'v')  =  CI{v)  +  CI  (v') 

(evidently  firom  the  nature  of  the  operation  I), 

or  /(FO-Cb-+^ 

by  (21). 

Now  if  we  get  rid  of  the  integral  signs  in  this  equation  by  the  same  process  we 
have  applied  to  the  equation  (1),  the  second  side  will  evidently  be  made  zero  by  the 
differentiations,  and  thus  we  shall  arrive  at  the  same  differential  equation  as  before;   hence 

is  a  solution  of  (5).  Now  this  is  evidently  true  whatever  be  the  values  of  C  and  (T; 
hence  this  solution  contains  two  arbitrary  constants,  and  is  therefore  the  mo8t  general 
solution  that  (5)  admits  o£  Hence  all  values  of  F«,  which  satisfy  (1),  since  they  also 
satisfy  (5),  must  be  values  of  Ot;  +  (7V.  To  determine  what  values  of  Cv  +  Cv  satisfy  (1) 
substitute  Ov  +  Cv'  for  Y^  in  (1),  and  we  find 

CI{v)+ai(v')  =  0, 

or  CoT  +  ^i^O 

by  (21). 

Now  this  equation  ought  to  be  true  for  all  values  of   a;    hence    (7=0,  and  (7'  =  0; 

hence  it  is  evident  that  only  one  value  of  Cv  +  Cv'^  namely  zero,  satisfies  (1) ;  and  hence  it 
follows  from  the  equation  (1)  that  F,  =  0. 

This  is  the  demonstration  I  propose  to  examine. 

18.  The  first  point  to  which  I  would  call  attention  is  the  excessive  generality  of  the 
proposition  which  is  thus  supposed  to  be  established.  It  will  be  observed  that  no  restriction 
is  put  on  7^  or  on  p.  Thus  we  are  not  compelled  to  have  Y^  finite  when  a  is  zero.  And 
p  is  not  such  a  quantity  as  would  necessarily  correspond  to  density  in  the  physical  problem, 
for  here  p  may  be  positive  or  n^;ative.  Also  n  is  not  restricted  to  be  a  positive  integer^ 
but  may  be  any  number  positive  or  negative,  whole  or  fractional     In  bid  in  this  process 
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the  equation  /(1^)«=0  is  quite  liberated  from  all  its  physical  oonnezion;  and  it  is  main* 
tained  that  whatever  p  and  n  and  F.  may  be,  the  equation  has  no  solution  except  Y^^O. 

19.  My  next  remark  is  that  the  highly  general  proposition  thus  maintained  is  certainly 
untrue.  The  assertion  is  that  Y^  must  be  zero.  Now  to  overthrow  this  assertion  it  is  suffi- 
cient to  point  to  two  examples  which  have  already  been  discussed.    We  have  shewn  in 

E 

Art.  10  that  whatever  p  may  be,  when  n«l   the  value  —  satisfies  the  equation  7(F,)=0. 

a 

And  we  have  shewn  in  Art.  12  that  whatever  n  may  be,  with  the  values  of  p  and  Y^  there 

assigned  we  have  /(F,)  =  0,    These  two  examples  as  we  have  ahready  shewn  do  not  bear 

against  Legendre's  demonstration  of  his   duly  restricted   proposition;   but  they  are  decisive 

against  the  highly  general  proposition  which  is  now  under  discussion* 

20.  The  form  in  which  the  argument  is  put  is  certainly  strange.  In  order  to  shew 
that  the  equation  I{Y^^Q  has  no  solution,  it  is  asavmed  that  the  equations  /(}^)  =  a* 

and  7(F«)  =  -^jFj  can  both  be  solved.    But  the   points   assumed  appear  as  difficult  as  that 

which  is  to  be  demonstrated.  For  in  fact  out  of  the  three  equations  here  brought  before 
us  if  we  assume  that  any  two  can  be  solved  the  same  kind  of  argument  might  be 
employed  to  shew  that  the  third  equation  could  not  be  solved. 

21.  The  best  method  of  shewing  where  the  aigument  fails  is  to  employ  the  reverse 
process  of  Art.  5.    We  may  admit  that  the  general  solution  of  (6)  will  be  of  the  form 

Q^{a)  +  E)c{a\ 

where  0  and  E  are  arbitrary  constants,  and  i^(a)  and  ^W  functions  of  a;  these  functions 
could  not  be  specifically  determined  unless   p  were  given  explicitly.     If  we  perform  the 

operation  I  on  this  expression  the  result  will  be  -^r =-  +  -rrr . 

.  2n  +  l     a*** 

The  value  of  H  will  be  given  by 

The  value  of  K  will  be  of  the  same  form  and  we  may  denote  it  thus 

where  X  (aj  and  p,  (aj  are  certain  functions  of  a,  which  we  need  not  state  explicitly. 

Now  O'Brien  supposes,  and  quite  correctly  as  we  see,  that  0  and  E  may  be  so  taken 
as  to  make  H  vanish.  When  0  and  -&  are  so  taken  he  denotes  Ch^{a)+Ex{a)  by  v\ 
asswming  in,  fact  that  K  carmot  also  va/nish.  But  of  course  it  is  theoretically  quite  pos- 
sible that  the  constants  which  occur  may  be  so  related  as  to  make  K  vanish  when  ff 
vanishes.  In  fact  in  the  two  examples  we  have  brought  forward  we  have  made  one  of 
the  two  0  and  E  zero,  say  (?;  and  then  we  found  that  the  coefficients  of  -B  in  Jff  and 
K  vanish. 
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22.  It  might  perhaps  be  suggested  that  the  argument  intends  to  shew  that  no  general 
form  can  be  found  which  will  satisfy  /(F,)  =  0  whatever  may  he  the  value  of  />.  The  answer 
is  twofold.  In  the  first  place  this  is  really  not  the  problem  to  be  solved;  what  we  wish 
to  shew  is  that  whatever  value  may  be  assigned  to  p  there  is  no  admissible  value  of  Y^. 
In  the  second  place  the  example  of  Art.  10  shews  that  the  argument  is  not  valid  even 
when  the  problem  is  changed  in  the  manner  suggested. 

23.  I  shall  now  consider  a  proof  given  by  Mr  Pratt.  In  the  first  edition  of  Pratt's 
Mechanical  Philosophy  Laplace's  process  was  adopted.  In  the  second  editioii  a  new  process 
was  given  to  which  attention  is  invited  in  the  preface,  where  this  passage  occurs,  "  Mr 
O'Brien  in  his  Mathematical  Tracts,  Fart  I.,  has  given  an  excellent  demonstration,  and 
shorter  than  Laplace's,  but  the  one  now  given  is  shorter  and  simpler  even  than  his.''  Mr 
Pratt's  proof  is  reproduced  in  his  separate  publication  on  Attractions... and  the  Figure  of 
the  Earth. 

We  may  observe  here  that  if  O'Brien's  proof  had  been  sound  its  excessive  generality 
might  have  compensated  for  the  want  of  almost  any  other  qualities. 

24.  The  proof  given  by  Mr  Pratt  is  interesting;  it  is  founded  solely  on  the  primary 
equation  without  any  use  of  the  differential  equation  (5).  But  the  assumptions  on  which 
it  rests  are  rather  large. 

.  It  asaumes  that  Y^  and  p  can  each  be  expanded  in  a  series  of  ascending  positive 
powers  of  a  for  all  the  values  of  a  between  0  and  a^.  It  does  not  assume  that  p 
decreases  from  the  centre  to  the  surface;  but  it  does  assume  that  p  does  not  vanish  at 
the  origin.  Both  Legendre  and  Laplace  suppose  that  p  has  a  value  at  the  origin  which  is 
not  zero ;  but  with  them  this  is  no  new  assumption,  being  in  fact  involved  in  their  main 
assumption  that  p  decreases  from  the  centre  to  the  sur£BU2e. 

The  assumed  forms  for  Y.  and  p  are  used  in  the  primary  equation  which  is  developed 
in  powers  of  a,  and  it  is  found  impossible  to  make  the  terms  separately  vanish. 

25.  The  assumptions  respecting  the  possibility  of  expanding  Y^  and  p  are  certainly 
considerable  assumptions.    The  assumption  respecting    Y^  shortens  the  demonstration  as  it 

dY 
enables  us  to  omit  the  process  by  which  Legendre  and  Laplace  shew  that  Y^  and  -r-^  have 

the  same  sign  at  the  origin.  The  assumption  that  p  can  be  expanded  in  a  series  of 
ascending  powers  of  a,  is  of  course  a  large  assumption  analytically,  for  it  excludes  many 
conceivable  forms  for  />.  And  in  a  physical  point  of  view  the  problem  is  very  much  restricted ; 
for  it  is  assumed  that  p  is  the  same  function  of  a  throughout  the  investigation;  whereas 
it  is  obviously  conceivable  that  p  may  be  discontinuous  in  form  and  even  in  value.  To 
take  a  simple  example.  Let  us  examine  if  by  the  method  now  under  discussion  we  can 
shew  that  there  is  no  value  of  Y^  except  zero,  which  will  satisfy  the  primary  equation 
under  the  following  suppositions  as  to  p;  from  a  =  0  to  a  =  6  let  p  =  2>  + Jia*'  + ...,  and 
from  a  =  6  to  a=a^  let  p^Ma/^  +  Na*+ ....  Here  we  suppose  m  and  the  other  expo- 
nents which  occur  in  the  first  expression  for  p  to  be  positive;  in  the  second  expression 
Vol.  XIL  Pabt  I.  40 
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for  p  we  will  suppose  the  exponents  ft,  v, ...  to  be  ananged  in  ascending  algebraioal  order 
of  magnitude,  but  they  need  not  be  restricted  to  be  podtiTe. 

Let  r,-Tra'+... 

First  sui^MMe  a  to  be  less  than  b.    Then 


i  pa'da^ 


Da*     Ear*  . 
3   ■^m  +  3'*""" 


j'p  ^  (r.a"*»)  da  =  WDa'^  + ... 

Substitute  in  the  priioaTy  equation.    Thus  we  get 

We  have  then  to  see  if  the  coefficient  of  each  power  of  a  vanishes. 

If  we  suppose  s  +  2  less  than  n  we  should  have  to  suppose  TFJ9=sO;  which  is 
inadmissible. 

If  we  suppose  « -f  2  =  n  we  are  led  to  WD  (^  —  5 r-J  =  0 ;  this  also  is  inadmissible. 

But  if  we  suppose  «  +  2  greater  than  n  we  have  as  our  iSist  condition 

/A  +  «  +  2  -«^  *  ' 

This  condition  presents  nothing  which  is  obviously  impossible.  We  should  then 
have  to  continue  the  investigation  by  examining  the  coefficients  of  the  various  powers 
of  a. 

Next  suppose  a  to  be  greater  than  6.    Then 

/;4(r^")*../;<,^(r^hd.+/;p^(na-,d. 
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If  we  substitute  in  the  primary  equation  we  shall  find  that  the  algebraically  lowest 
power  of  a  is  a"*^;  to  make  the  coefficient  of  this  vanish  we  must  have 


And  so  on. 


I  do  not  mean  to  assert  that  all  the  conditions  thus  obtained  can  be  satisfied. 
It  may  very  possibly  happen  that  by  discussing  the  conditions  it  can  be  shewn  that 
they  are  incompatible,  and  thus  that  the  original  proposition  remains  true.  But  it  is 
obvious  that  the  demonstration  given  does  no^  in  itself  apply  to  the  case  of  discon- 
tinuity in  p;  and  that  if  we  are  to  include  this  case  the  process  must  be  much  developed, 
so  as  to  lose   aU  the  advantage  which  it  may  now  claim  as  to  brevity. 

26.  There  is  still  another  consideration.  We  have  in  the  preceding  Article  allowed 
the  form  of  Y^  to  remain  the  same  throughout.  But  it  is  conceivable  that  corresponding 
to  a  change  in  p  there  may  be  also  a  change  in  F.. 

Hence  we  might  suppose  that  firom  a^O  to  a»6,  we  have  F.BTFa'+...;  and 
then  from  a  — 6  to  a^a^  we  have  ri.asCV  +  ... 

To  shew  that  this  is  an  impossible  solution  will  involve  a  more  troublesome  inves- 
tigation than  that  of  the  preceding  Articla 

We  may  observe  that  the  physical  problem  we  are  considering  would  require  a 
certain  continuity  of  valuer  though  not  necessarily  of  form.  We  should  in  fact  require 
that  the  successive  strata  should  be  in  contact  throughout  This  will  be  secured  if  we 
make  Y^  continuous  in  value;  that  is  if 

Tn*+ -17^  +  ... 

It  is  not  necessary  that  p  should  be  continuous  in  value;  if  we  please  to  impose 
this  condition  in  the  preceding  Article  we  have 

It  will  be  easily  seen  on  examination  that  the  investigations  given  by  Legendre  and 
Laplace  are  not  restricted  to  the  case  in  which  p  is  continuous  in  form  or  value. 

27.  On  the  whole  then  although  the  demonstration  which  we  are  discussing  depends 
very  simply  and  clearly  on  the  assumptions  made,  yet  as  the  assumptions  are  very  large 
and  considerably  restrict  the  physical  range  of  the  problem,  it  seems  to  me  less  satisfactory 
than  the  demonstrations  of  Legendre  and  Laplace. 

28.  The  most  recent  investigation  which  I  have  seen  is  that  given  in  the  treatise  on 
Natural  PhUowpky  by  Thomson  and  Tait  This  though  slightly  different  in  form  is  in 
substance  the  same  as  O'Brien's.  But  as  I  have  abundantly  shewn  the  extreme  generality 
which  such  a  {Nrocess  contemplates  cannot  be  attained,  because  it  does  not  exist    No  further 

40—2 
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discussion  is  required  as  to  the  principle  of  this  demonstration,  but  I  may  just  make  one 
remark  on  a  point  of  detail^  which  is  not  important  but  might  lead  to  brief  embarrassment. 
Suppose  that  instead  of  zero  on  the  right-hand  side  of  the  primary  equation  we  had 
a  given  function  of  a,  say  A^^  so  that 

I{Y,)^A, (22). 

Then  instead  of  (5)  we  should  obtain 

-M'"  i'^''"M • <^'- 

Now  we  may  say  that  the  solution  of  (23)  is  Ghfr  (a)  +  -E%  (a)  + «  where  0  and  E  are 
arbitrary  constants  and  e  is  any  particular  solution  of  (23).  This  is  an  elementary  fact  in 
the  theory  of  differential  equations ;  Ghfr  (a)  +  Ex  (a)  being  the  solution  of  (23)  without  its . 
second  term,  that  is  the  solution  of  (5).  But  we  should  not  say  that  z  is  such  as  to 
make  I{z)^A^;  that  is  we  must  not  assume  that  any  solution  of  (23)  will  satisfy  (22) ;  we 
do  not  know  whether  (22)  admits  of  any  solution  at  all  prior  to  special  investigation. 

29.     I  am  unwilling  to  leave  the  equation  after  criticising  the  treatment  it  has  hitherto 
received  without  an  attempt  at  a  new  investigation. 

I  continue  to  mean  by  an  admissible  value  of  Y^  a  value  which  is  never  infinite;  and 

also  I  will  assume,  that  a  — r-^  must  never  be  infinite :  this  is  an  essential  condition  in  the 

da 

physical  problem  with  which  our  equation  (1)  is  connected.  I  shall  then  shew  that  equa- 
tion (1)  has  no  admissible  solution  provided  />  be  such  that  a  never  vanishes  except  when 
a  vanishes* 

The  equation  (5)  may  be  written 


,     n(n  +  l)r,-a«^- 


2ar«  +  2a«^- 

that  is 

d*Y 
.      -  n(n  +  l)F.-a»VT^ 

^-k^r—^ (^)- 

Since  a-  is  never  to  vanish  except  with  a  it  follows  fi-om  (24)  that   ttC^^O  must  be 

some  function  of  a  which  never  vanishes;  let  it  be  denoted  by  0(a).  We  may  then  sup- 
pose 0  (a)  to  be  positive,  for  if  it  were  not  positive  we  could  make  it  so  by  changing  the 
sign  of  every  term  in  the  numerator  and  denominator  of  the  right-hand  member  of  (24). 
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Thus 

|(arj=^(a). 

where  0  (a)  is  always  positive ;  therefore 

al^  =  1 0  (a)  <fo  +  constant. 

Since  aY^  vanishes  with  a  we  may  write  the  last  result  thus 

ar,^r<l>(a)da. 

•'o 

Hence  aT.  =  a*"^  f  V  (fl)  ^ 

•'0 

^(a-rj-(»-i)a-^j'V(«)'fo+«"^*(«); 

the  last  expression  is  necessarily  positive^  and  will  not  vanish  when  a^a^. 

Thus  the  condition  S^  0  of  Art  5  cannot  be  satisfied ;  and  therefore  the  equation  (1) 
is  not  satisfied. 

The  only  exception  which  presents  itself  to  the  foregoing  argument  is  this :  it  may  be 
said  that  it  is  not  absolutely  necessary  that  -j-  (aY^  should  be  always  of  the  same  sign, 

for  3z{<^Y^)  may  perhaps  vanish  provided  n(n  +  l)  Fn-o*-^-/  vanishes  simultaneously.    But 
this  may  be  shewn  to  be  impossible. 
As  before  we  have 

80  that 

n(n  +  l)r.-a?5  =  5-±^/V(a)<fa  +  2^(«)-a*'(a) (26). 

The  last  expression  cannot  vanish  simultaneously  with  0(a).  For  suppose  that  as  a 
increases  from  zero  0(a)  first  vanishes  when  a  has  a  certain  value.  Since  0(a)  begins  by 
being  positive  0'(a)  must  be  negative  or  zero  when  0(a)  first  vanishes;  hence  the  expres- 
sion on  the  right-hand  side  of  (25)  is  then  necessarily  positive  and  cannot  vanish.  Thus 
from  (24)  we  should  have  o-  =  0,  which  is  contrary  to  the  supposition. 
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30.  Thus  I  do  not  assume  that  p  continually  decreases  from  the  centre  to  the  surfiice, 
nor  even  that  p  is  always  positive ;  but  only  that  a  never  vanishes  except  at  the  origin  : 
so  that  if  this  demonstration  be  accepted  it  will  form  the  most  general  which  the  proposition 
has  yet  received 

It  will  be  observed  that  the  conditions  which  we  have  imposed  are  not  satisfied  by  the 
two  examples  which  are  discussed  in  Arts.  10  and  12.  In  Art.  10  we  see  that  aY^  does 
not  vanish  with  a;  and  in  Art  11  we  have  a*  vanishing  for  a  certain  value  of  a.  Thus 
these  two  examples  do  not  supply  any  objection  to  the  new  demonstration. 

31.  I  may  observe  that  from  (24)  if  we  supposed  F^  to  be  given  we  may  by  inte- 
gration theoretically  determine  the  value  of  p.  For  the  right-hand  member  of  (24)  would 
be  thus  a  given  function  of  a,  say  '^(a) ;  and  by  integration 


log<r«j^(a)da; 


this  gives  <r,  and  then  by  differentiation  we  find  p.  In  this  way  we  might  establish  rela- 
tions between  F»,  p,  and  a,  which  would  satisfy  (5);  but  by  virtue  of  the  demonstration 
in  Art  (29)  we  cannot  obtain  admisribU  solutions  of  (1). 

L  TODHUNTER 
Oekibmr,  1871. 
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IV.    On  the  Centrchsurfdce  of  an  EUipsoid.    By  Professor  Catlbt. 


[Baad  March  7,  1870.] 


The  Centre-surface  of  any  given  surfieioe  is  the  locos  of  the  centres  of  cimrature  of 
the  given  surface,  or  say  it  is  the  locus  of  the  intersections  of  consecutive  normals,  (the 
normals  which  intersect  the  normal  at  any  particular  point  of  the  jsoitsuoe  being  those  at 
the  consecutive  points  along  the  two  curves  of  curvature  respectively  which  pass  through 
the  point  on  the  surface).  The  terms,  normal,  centre  of  curvattire,  curve  of  curvcUvre, 
may  be  understood  in  their  ordinary  sense,  or  in  the  generalised  sense  referring  to  the 
case  where  the  Absolute  (instead  of  being  the  imaginary  circle  at  infinity)  is  any  quadric 
sur{jEU)e  whatever;  viz.  the  normal  at  any  point  of  a  surface  is  here  the  line  joining 
that  point  with  the  pole  of  the  tangent  plane  in  respect  of  the  quadric  surfieice  called 
the  Absolute:  and  of  course  the  centre  of  curvature  and  curve  of  curvature  refer  to 
the  normal  as  just  defined. 

The  question  of  the  oentro-surface  of  a  quadric  sur&ce  has  been  considered  in  the 
two  points  of  view,  viz.  1^,  when  the  terms  ''normal,'*  &c.  are  used  in  the  ordinary  sense, 
and  the    equation    of   the  quadric    surface   (assumed    to  be  an  ellipsoid)   is  isken  to    be 

jp       yi      ^ 

-3+  M-  +  -i  =  l;    2*,  when  the  Absolute  is  the  surface    Z*  +  y  +  ^+ Tr  =  0,    and    the 
cr      0       c 

equation  of  the  quadric  surface  is  taken  to  be  aX*+)8Y*  +  7-Z*  +  Sir*  =  0: — ^in  the  first  of 

them  by  Salmon,   Quart  MaA.  Jour,  t  ii.  pp.   217 — ^222   (1868),  and   in  the  second  by 

aebsch,  OreUe,  t.  62.  pp.  64—107  (1868):  see  also  Salmon's  Solid  Geometry,  2nd  EA  1865, 

pp.  143,  402,  &c.      In  the  present  Memoir,  as  shewn  by  the  title,  the  quadric  surface  is 

taken  to  be  an  Ellipsoid;  and  the  question  is  considered  exclusively  firom  the  first  point 

of  view:  the  theory  is  further  developed  in  various  respects,  and  in  particular  as  regards 

the  nodal  curve  upon  the  centro-surface:   the  distinction  of  real  and  imaginary  is  of  course 

attended  to.    The  new  results  suitably  modified  would  be  applicable  to  the  theory  treated 

from  the  second  point  of  view;   but  I  do  not  on  the  present  occasion  attempt  so  to  present 

them. 

The  JSlltpsoid;   Parameters  f,  ij,  &c.    Art.  Noa  1 — 6. 
1.    The  position  of  a  point  (X,  Y^  Z)  on  the  ellipsoid 

o'  ^  J^  ^  d" 
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may  be  determined  by  means  of  the  parameters^  or  elliptic  co-ordinates,  (,  97;  viz.  these 
are  such  that  we  have 

^      ^  +  ^  -1. 


or,  wbat  is  the  same  thing,  (,  17  are  the  roots  of  the  qtiadric  equation 


a?  +  v      6"  +  v     cP  +  i; 

(In  its  actual  form  this  is  a  cubic  equation,  but  there  is  a  root  t;  =  0,    which   is   to  be 
thrown  out,  and  the  quadric  equation  is  thus, 

or  putting 

Q^hV  +  ifcf+aV, 

the  equation  is 

2.    It  is  convenient  to  write  throughout 

(whence  a  +  fi  +  y^O). 

As  usual,  a  is  taken  to  be  the  greatest  and  c  the  least  of  the  semi-axes,  we  have 
thus  a,  7  each  of  them  positive,  and  fi  n^ative,  =z^fi  where  ^  is  a  positive  quantity 
=  a  +  7.  A  distinction  arises  in  the  sequel  between  the  two  cases  a*  +  c">  2V  and  a"  +  <f<2b\ 
but  the  two  cases  are  not  essentially  different,  and  it  is  convenient  to  assume  a'  +  o'>2&', 
that  is,  a*— 6*>i"-c'  or  7>a,  say  7  — a  positive.  The  limiting  case  a*  +  c'  =  2J"  or  7-ia 
requires  special  consideration. 

8.    We  have 

^7«F'-6*(y  +  f)(y  +  i7), 
^a/8Z»=c-(c»  +  f)(cP  +  i7). 

It  is  in  £act  easy  to  verify  that  these  values  satisfy  as  well  the  equation  of  the  ellipsoid 
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as  the  assumed  equations  defining  the  elliptic   co-ordinates  (,  tf.     We   may   also    obtain 
the  relations 

These,  however,  are  obtained  more  readily  from  the  equation  in  Vy  viz.  the  roots  thereof 
heiBg  f,  %  we  have 

-f-i;  =  a"  +  J«  +  c«-JP-]P-Z», 

which  lead  at  once  to  the  relations  in  question. 

4.    Considering  ^  as  constant,  the  locus   of   the  point  (X,  T,  Z)  is  the  intersection 
of  the  ellipsoid  with  the  confocal  ellipsoid 


a^  +  f^J^  +  f^c^  +  f 

viz.  this  is  one  of  the  curves  of  curvature  through  the  point;  and  similarly  considering 
ff  as  constant,  the  locus  of  the  point  is  the  intersection  of  the  ellipsoid  with  the  con- 
focal  ellipsoid 


viz.  this  is  the  other  of  the  curves  of  curvature  through  the  point. 

5.  If  instead  of  f  and  17  we  write  h  and  k,  we  may  consider  h  as  extending  between 
the  values  —a*,  —  &",  and  k  as  extending  between  the  values  —  i",  —  c". 

A »  const  will  thus  give  the  series  of  curves  of  curvature  one  of  which  is  the  section 
by  the  plane  Xs=0,  or  ellipse  semi-axes  b,  c;  say  this  is  the  minor-mea/n  series.  In  par- 
ticular h^  —  cf  gives  the  ellipse  just  referred  to;  and  A  =  — J',  or  say  A  =  — 6*  — 6  gives 
two  detached  portions  of  the  ellipse  semi-axes  a,  c;  viz.  each  of  these  portions  extends  from 
an  umbilicus  above  the  plane  of  xtfj  through  the  extremity  of  the  semi-axis  a  to  an  um- 
bilicus below  the  plane  of  xy. 

And  in  like  manner  A;  =  const,  gives  the  series  of'  curves  of  curvature  one  of  which, 
is  the  section  by  the  plane  Z^O,  or  ellipse  semi-axes  a,  b;  say  this  is  the  rruyor-mean 
series.  In  particular  A  =  —  c"  gives  the  ellipse  just  referred  to ;  and  A:  =  — 6*,  or  say  ifess  — 6'  +  € 
gives  the  remaining  portions  of  the  ellipse  semi-axes  a,  c ;  viz.  these  are  two  portions  each 
extending  from  an  umbilicus  above  the  plane  of  xy,  through  the  extremity  of  the  semi- 
axis  c,  to  an  umbilicus  above  the  plane  of  ay. 

The  ellipse  last  referred  to  may  be  called  the  umbilicar  section,  the  other  two  prin- 
cipal sections  being  the  major-mean  section  and  the  minor-mean  section  respectively. 

In  the  limiting  case  A=fc  =  — J*,  we  have  the  umbilici,  viz.  these  are  given  by 

The  two  series  of  curves  of ^ curvature  cover  the  whole  real  surfiwe  of  the    ellipsoid;    so 

that  at  any  real  point  thereof  we  have  f  »A,  rj^k,  or  else  |»A^  V  —  K  where  h,  k  are 
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negative  seal  vahtes  lying  within  th^  foregoing  limits  —a*,  —6*  and  —5*,  -c*  respectively. 
But  observe  that  ^,  tf  taken  separately  may  each  extend  between  the  limits  —a',  —  o*. 

6.    Suppose  ^^fi9  the  equation  in  v  will  have  equal  roots,  or  the  condition  is 

viz.  this  surfiEuse  by  its  intersection  with  the  ellipsoid  determines  the  envelope  of  the 
curves  of  curvature.  This  envelope  is  in  &ct  a  system  of  eight  imaginary  lines,  four 
of  them  belonging  to  one  of  the  systems  of  right  lines  on  the  ellipsoid,  the  other  four 
to  the  other  of  the  systems  of  right  lines.  For  in  the  values  of  X*,  Y*,  Z*  writing 
ff=i^,  we  find 


±V-y87=^-,««  +  fe 


iV::^^. 


'^+1 


or  representing  for  shortness  the  left-hand  functions  by  ±  X\  ±  Y\  ±  Z',  the  eight  lines 
are 


«•+?-    X' 

-     X' 

--J' 

»-X' 

J»  +  f-     Y' 

Y' 

-     Y' 

--r' 

c*  +  f=;     Z 

=-z' 

^-Z 

=   z 

«*+f — X' 

-    X' 

-     X' 

»-Z' 

j*+f«   r 

=-r 

-     Y' 

--r 

<!•  +  ?=       Z 

=   z 

^-Z 

^-z 

SO  that  ixi  the  two  teti;ad8  each  line  intersects  the  four  lines  of  the  other  tetrad,  but 
it  does  not  intersect  the  remaining  thre^  lines  of  its  own  tetrad.  The  inteisections  are 
four  points  corresponding  to  ^8  — a*,  being  the  imaginary  umbilici  in  the  plane  X»0,  four 
^  ^ac-.S*  being  the  real  umbilici  in  the  plane  y»0,  four  to  ^s~{^  being  tbe  imaginary 
umbilici  in  the  plane  Z^%  aod  four  coiresponding  to  ^«oo,  which  may  be  called  the 
umbilici  at  infinity*. 

Sapiential  cmd  Concomitant  Centro-curves*,    Art  No^  7. 

7.  Consider  any  particular  curve  of  curvature ;  the  normals  at  the  several  points  thereof 
ftuocessively  intersect  each  other  in  a  series  of  points  forming  a  curve ;  and  we  have  thus, 
corresponding  to  the  particular  curve  of  curvature,  a  curve   on  the  centro-surface,  which 


*  Aooording  to  Salmon,  Solid  Geometry,  p.  229,  the 
number  of  nmlriliei  for  a  sorfaoe  of  the  n^  order  is 
Bn(10n*-26n+16);  viz.  for  ns2,  thi0i8sl2,  as  in  the 
ordinaiy  theoij,  not  reeogiiiBliis  the  nmbilioi  at  infinity. 


Bnt  whether  properly  nmbiljyoi  or  not,  the  4  points  which  I 
call  the  umbilici  at  infinity  do  in  the  present  theory  pre- 
sent themselyes  in  like  manner  with  the  12  nmbiUeL 
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curve  may  be  called  the  sequential  centro-curve.  Again  the  same  iidrmal8»  viz.  those  «t  the 
several  points  of  the  particular  curve  of  curvature^  are  intersected,  the  normal  at  each 
point  by  the  consecutive  normal  belonging  to  the  other  curve  of  curvature  through  that 
point;  and  we  have  thus  corresponding  to  the  particular  curve  of  curvaturOi  a  curve  on 
the  centro-surface^  which  curve  may  be  called  the  concomitant  centro^wrve.  If  instead  of 
a  single  curve  of  curvature  we  consider  the  whole  series^  say  of  the  majorHnean  curves 
of  curvature,  we  have  «  series  of  majcMvmean  sequential  centtOKnin^es^  and  also  a  series 
of  major-mean  concomitant  oentnwmrves ;  and  similarly  considering  the  senes  ef  the  minot^ 
mean  curves  of  curvature  we  have  a  series  of  minor-mean  sequential  centroMoan^  and  abb 
a  series  *of  minor-mean  concomitant  curves;  the  configuration  of  the  several  curves  will 
be  discussed  further  on,  but  it  may  be  convenient  to  remark  here  that  the  centro-surfisM^e 
may  be  considered  as  consisting  of  two  portions,  say, 

(A)  locus  of  the  major-mean  sequential  centro-curV6& ;  and  also  of  the  minor-tnean 
concomitant  centre-curves; 

(B)  locus  of  the  minor-mean  concomitant  centre-curves,  and  also  of  the  major-mean 
sequential  centre-curves. 

Inveetigatim  of  expresiime  fw   Q^    Ckhordiniattes    cf  u  point  on  the   Centro-eurface. 

Art.  Nos.  8  to  18. 
8.    Consider  the  normal  at  the  point  {X,  T,  Z).    Taking  in  the  first  instance  {x,  y,  «) 
as  current  co-ordinates,  the  equations  are 

a?-X    v-Y    «--Z'     , 

^-Y-  =  -^,«X  suppose, 

V  ? 

or,  what  is  the  same  thing, 

*-x(i+^).y-r(i4)..=z(i4). 

Suppose  now  that  the  normal  meets  the  cotosecutive  normal,  or  normal  at  the  point 
X-^-dX,  Y^dY,  Z-¥dZ\  and  let  «»  y,  «  belong  to  the  point  of  intersection  of  the  two 
normals;  we  must  have 

0.dZ(l+^). 

T 


5* 


l+fA 


o-<iri 


('4)- 


+  P'^ 


0-d^(l+^)  +  fdX, 


-which  detenaine  the  direction  of  the  consecutive  point;   the  equations  in  &ct  give 


7? 

Y 
¥ 

Z 

? 
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or,  what  is  the  same  thing, 

0=    €fdX,  dX,  X 

VdY,  dY,  T 

i?dZ^    dZy   Z 

i^hich  is  the  differential  equation  of  the  curve  of  curvature.  This  equation  must  therefore 
be  satisfied  by  taking  for  X+dX,  T+dYy  Z-^dZ,  the  co-ordinates  of  the  consecutive 
point  along  either  of  the  curves  of  curvature, — say  along  that  which  is  the  intersection 
with  the  surface. 


(f  +  V      l^  +  V      <^  +  ri' 

9,    To  verify  this,  observe  that  we  then  have 

XdX  .  TdY  .  ZdZ 


0. 


XdX  .  YdY  .  ZdZ 
a'+v'^h'  +  V     if-[:v'"    ' 
or,  what  is  the  same  thing, 

XdX  :  YdY  :  ZdZ^ <f  {a*  +  fi)  a  :  h*{V  +  fi)fi  :  <^(c*  +  ij)r 

But  from  the  equations  -/8yZ*  =  <i?(o*  +  f)  (a*+ij)&a,  these  become 

or,  what  is  the  same  thing, 

dX  :  dY  :  «i^=^^  :  ^^  :  ^^^, 
knd  substituting  these  values  in  the  determinant  equation,  it  becomes 


0< 


XYZ 


(«•  +  «(&*  +  «  (<^  +  f) 


a*,  1,  a*4e 

i*.  1,  j'+e 


which  is  identically  true,  since  evidently  the  determinant  vanishea 

10.    Ftoceeding  with  the  solution,  we  have  from  the  three  equations 

and  observing  that  from  the  equation 

considering  therein  rj  as  constant,  we  have 

XdX+TdY+ZdZ^idS, 
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the  equation  becomes 

and  the  three  eqnations  then  are 

or  say 

0  =  dX(a"  +  X)-.iZ^,  &c. 

But  from  the  equation  — /87X'=sa'(a'  +  D  (a^  +  17),  considering  therein  17  as  a  constant, 
we  have 

-^a^  +  f' 
and  the  equations  thus  become 

viz.  these  are  all  satisfied  if  only  X=s f. 

11.    The  i^-ordinates  of  the  point  of  intersection  of  the  two  normals  thus  are 
«-x(l+|.).  3r-r(l4).  ,-z(l4). 

or  squaring,  and  substituting  for  X*,  &&,  their  values  as  g^ven  by 

-/9y^-a»(aP+f)(a«  +  i,),  &c.. 
the  equations  become 

-/9ya-aj'=(a*  +  f)*(a«  +  i7), 

-o^8cV«(c»  +  f)»((i»  +  i;), 

f iz.  these  equations  give  {x,  y,  z)  the  co-ordinates  of  a  point  on  the  centro-surface,  the 
intersection  of  the  normal  at  the  point  (X,  F,  Z)  of  the  ellipsoid,  (determined  by  the 
parameters  (,  tf)  by  the  normal  at  the  consecutive  point  along  the  curve  of  curvature 


or  say  1;  is  the  sequential  parameter*. 

Of  course  by  interchanging  ^  and  r)  we  should  obtain  the  co-ordinates  of  the  point 
of  intersection  of  the  normal  at  the  same  point  {X,  Y,  Z)  by  the  normal  at  the  consecutive 
point  along  the  other  curve  of  curvature :   f  being  in  this  case  the  sequential  parameter. 


*  The  ezprawioafl  aie  given  )n  effeot,  but  not  explidily,  Salmon,  p.  148. 
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12.    I  stop  for  a  moment  to  consider  the  forgoing  two  equations 

which  at  first  sight  appear  inconsistent  But  observe  that  in  the  foregoing  solution  \  is 
the  parameter  of  the  point  {x^  y,  z)  of  the  centro-surfiice  considered  as  a  point  on  the 
normal  at  (X,  Y,  Z)\  X  +  c^  is  the  parameter  of  the  same  point  considered  as  a  point 
on  the  normal  at  the  consecutive  point  (X+d!Z,  F+dy)  Z+dZ):  the  value  X  +  c?X=f +df 
would  belong  to  a  different  point,  viz.  the  consecutive  point  of  the  centro-surface  considered 
as  a  point  on  the  consecutive  normal — ^wherefore  the  dK  of  the  solution  ought  not  to  be 
=  rff.    In  further  explanation,  observe  that  the  equations 


aj  =  X  [  1  +  -i  j ,  &C.  where  X  =  f , 
the  consecutive  point  on 

o=dx(i+l)-i§ds. 


if  we  pass  from  {x,  y,  z)  to  the  consecutive  point  on  the  centro-surface,  give 

ax^ajLii  +^]-+ 

but  since  by  what  precedes, 

X 


this  is 


<te-i|(if. 


Or  since  a^x  =  X(a*+  f), 

this  is 

and  similarly 


which  are  the  correct  values  of  dx,  dy,  dz  as  derived  from  the  equations 

-/»yaW  =  (a«  +  {)'(a«+i7),  &c. 

13.  The  equations  —  fiy^a?  «  (a*  +  ^'  (a*  +  v)f  &<^-  ff^^  expressions  for  the  co-ordinates 
{x,  y,  z)  of  a  point  on  the  centro-surface^  in  terms  of  the  two  parametefB  (f,  i;):  the 
elimination  of  (f ,  97)  from  these  equations  will  therefore  lead  to  the  equation  of  the  surfiAce ; 
but  the  discussion  of  the  surface  may  also  be  effected  by  means  of  these  expressions  for 
the  co-ordinates  in  terms  of  the  two  parameters. 

Discumon  by  meoM  of  the  egmtiona  -/87aV  =  (a'+f)'(a'+^),&c.;  Principal  Sections,  Jkc 

Art.  Nos.  14  to  24  {several  subheadings). 

14.  To  fix  the  ideas  consider  the  section  of  the  surface  by  the  plane  £^  =  0;  we  have 
in  the  surface  z^O,  that  is  f  =3  — cP,  or  else  17=1  — c*,  values  which  give  respectively 
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Or,  what  is  the  same  thing, 

'L<^!>f''     o*  +  i7, 


The  first  set  of  equations  eives 

which  is  the  equation  of  an  ellipse. 
The  second  set  gives 

(a«)*  +  (&y)«  =  7*. 
or  in  a  rationalised  form 

(aV+jy  -  y)'+  27a%Va^y-  0» 
which  is  the  equation  of  an  evolute  of  an  ellipse. 

15.  The  ellipse  -or+*'^T^  is  a  cuspidal  aorve  on  the  surface,  and  the  section  by 

the  plane  «sO  is  oonsequentlj  made  up  of  this  ellipse  counting  three  times^  and  of  the 
evolute ;  it  is  therefore  of  the  twelfth  order ;  and  the  order  of  the  surface  is  in  fact  » 12* 

It  is  clear  that  the  section  of  the  centro-surface  arises  from  the   section  --r  +  '^r^h 

viz.  the  normal  at  any  point  of  this  ellipse  lies  in  the  plane  Zs=0,  and  its  intersection 
by  a  normal  at  the  consecutive  point  of  the  ellipse  gives  a  point  of  the  evolute;  the 
evolute  being  thus  the  sequential  centro-curve  of  this  section:  the  intersection  by  the- 
normal  at  the  consecutive  point  on  the  other   curve   of  curvatui^  gives  a  point  on  the 

ellipse    ^""  +  "X  =  1*  which  ellipse  is  therefore  the  concomitant  centro-curve.    Observe  that 

X"     Y* 

this  other  curve  of  curvature  cuts  the  ellipse   -^  +  -^  =  1  at  right  angles,  and  that  the 

normals  at  the  consecutive  points  above  and  below  the  point  on  the  ellipse  will  meet 
each  other  and  also  the  normal  at  the  point  of  the  same  ellipse  at  the  point  on  the  ellipse 

-^  +  -^^1:  this  shows  that  the  la^t-mentioned  ellipse  is  a  cuspidal  curve  on  the  centro- 

surfieuse. 

16.  The  three  principal  sections  of  the  centro-surface  are  consequently 

ar»0,     ^  +  ^-1,    and   (iy)« +  ((»)«« a« ; 

y  =  0,     ^  +  ^  =  1,    and   {cz)^ +  {ax)i^0i; 
««0,    ^+^J[!  =  1,    and  (aa:)«+(Jy)*-y«; 
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viz.  each  section  is  made  up  of  an  ellipse  counting  three  times  and  of  an  evolute  (of  an 
ellipse).  I  have  for  shortness  represented  the  three  evolutes  by  their  irrational  equations. 
It  will  presently  appear  that  the  section  (imaginary)  by  the  plane  infinity  is  of  the  like 
character. 

17.    Considering  only  the  positive  directions  of  the  axes^  we  have  on  each  axis  two 
points,  viz. 


axis  of  X, 

Xss 

a' 

aj  = 

a 

axis  of  y, 

y=? 

a 
6' 

y^ 

7 
b 

axis  of  z, 

«  = 

c    * 

z^ 

a 
c 

through  each  of  which,  in  the  two  diflferent  planes  through  the  axis  respectively,  there 
passes  an  ellipse  and  an  evolute.  In  the  assumed  case  a'  +  c*  >  2&^  the  disposition  of  the 
points  is  as  shown  in  the  figure. 

Plane  of  xg,  evolute  is  outside  ellipse, 

yz,        „  inside        „ 

ay,        „  cuts  „ 

but  in  the  contrary  case  cf  +  (?<  2&',  the  disposition  is 
Plane  of  xz,  evolute  is  outside  ellipse, 

yz,        „  cuts  „ 

xy^        „       is  inside        „ 

there  is  no  real  difference,  and  to  fix  the  ideas  I  attend 
exclusively  to  the  first-mentioned  case 

18.  In  each  of  the  principal  planes,  the  evolute  and  ellipse,  qak  curves  of  the  orders 
6  and  2,  respectively,  intersect  in  12  points,  3  in  each  quadrant ;  viz.  of  the  3  points  two 
unite  together  into  a  twofold  point  or  point  of  contact,  and  the  third  is  a  point  of  simple 
intersection;  assuming  for  the  moment  that  this  is  so,  the  figure  at  once  shows  that  in 
the  plane  of  xz  or  umbilicar  plane  the  contact  is  real,  the  intersection  imaginary;  in  the 
plane  of  ay,  or  major-mean  plane,  the  contact  is  imaginary,  the  intersection  real;  but  in 
the  plane  of  yz  or  minor-mean  plane  the'  contact  and  intersection  are  each  imaginary. 
The  contacts  arise,  as  will  appear,  from  the  umbilici  of  the  ellipsoid,  and  may  be  termed 
"umbilicar  centres,"  or  "omphaloi;"  the  simple  intersections  "points  of  outcrop,"  or  simply 
"outcrops."  By  what  precedes  there  are  in  the  umbilicar  plane,  four  real  umbilicar  centres 
(in  each  quadrant  one);  and  in  the  major-mean  plane  four  real  outcrops  (in  each  quadrant 
one) ;  the  other  umbilicar  centres  and  outcrops  are  respectively  imaginary. 

19.  The  surface  consists  of  two  sheets  intersecting  in  a  nodaZ  curve  connecting  the 
outcrop  with  the  umbilicar  centre.    As  to  the  form  of  this  curve   there  is  a  cusp  at  the 
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outcrop,  aad  the  curve  does  not  terminate  at  the  umbilicar  centre,  biit  on  passing  it,  firom 
cmnodal  becomes  acnodal  (viz.  there  is  no  longer  through  the 
curve  any  real  sheet  of  the  surface):  moreover  the  curve  is 
not  at  the  umbilicar  centre  perpendicular  to  the  plane  of 
08,  and  there  is  consequently  on  the  opposite  side  of  the 
plane  a  symmetrically  situate  branch  of  the  curve,  viz.  the 
umbilicar  centre  is  a  node  on  the  nodal  curve.  Completing 
the  curve,  the  nodal  curve  consists  of  two  distinct  portions, 
one  on  the  positive  side  of  the  plane  of  ye  or  minor-mean 
plane  consisting  of  two  cuspidal  branches  as  shown  in  the 
figure ;  the  othar  a  symmetrically  situate  portion  on  the  nega- 
tive side  of  the  minor-mean  plane. 

Intersections  of  JSvol/ute  amd  EUipse. 
20.    Consider  in  the  plane  of  xjf  the  ellipse  and  evolute, 


'Eint,  these  are  satisfied  by 

-  Co-oidinatee  of  iTmbilicar  centres  in  plane  of  ay  (imaginaiy), 


yiz.  the  equations  respectively  become 

7     7  7 

the  first  of  which  is  a  +  i8  +  7=0,  and  the  second  is  (a*  +  i8*  +  7^*-27a*i8»y »0.  But  the 
equation  a  +  fi  +  y-0  gives  a'  +  i8*4V«8a/8y,  and  the  two  equations  are  thus  identically 
satisfied.    Moreover  the  condition  for  a  contact  is  at  once  found  to  be 

or,  what  is  the  same  thing, 

and  substituting  the  forcing  values,  this  is 

that  is, 

?^  (0*  + /9» +7^»  +  97a*/9*  (a  -  iS)  -  0, 

Vol.  XH  Fast  L  42 
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which,  putting  therein  a+fi^^y,  and  aP  +  /^+^tm9al3y,  is  also  satisfied;  that  is,  the 
points  in  question  are  points  of  contact  of  the  eUipse  and  evolute. 

21.  Secondly,  consider  the  values 

Substituting  in  the  equation  of  the  ellipse,  we  have 

which  is 

(/3-7)(7-a)(a-/3)(a  +  /3+7)«iO, 

or  the  equation  is  satisfied  identically:  and  substituting  in  the  equation  of  the  evolute, 
we  have  first 

cCgg'  +  bir-'f y(a^0)* 

which  in  virtae  of  a(/9— 7>+^(7  — a)4-7(a  — /8)  *  0  becomes 

Safiifi'y){y-a) 
(«-i8)'         ' 

and  then,  completing  the  substitution,  it  is  seen  that  the  equation  of  the  evolute  is  also 
satisfied  The  points  last  considered  are  simple  intersections,  and  we  have  thus  the  com- 
plete number  8-f  4sl2  of  the  intersections  of  the  evolute  and  ellipsa 

22.  We  have  a,  7  positive,  fi  negative;  whence  a  — )9  is  positive,  fi  —  y  negative; 
7  — a(~a^  +  c^— 2&^  is  positive,  and  hence,  the  outcrops  in  the  plane  of  o^  are  real;  the 
umbilicar  centres  are  imaginary  for  this. plane,  but  real  for  the  plane  of  zx,  the  co-ordinates 
being 


'     Co-ordinates  of  Umbilicar  centres  in  plane  of  odz  (real). 


Nodes  of  the  EvohUe, 


23.    The  Evolute  is  a  curve   with  four  nodes,  all  of  them    imaginary;  viz.  for  the 
evolute  in  the  plane  of  an/t  the  equation  of  which  is 

(aV  +  yy*-7^"+277'a"6"ay-0, 
these  are 

cfa?  »  —  7'> ) 

I    Coordinates  of  Nodes  of  evolute  in  plane  of  oojf  (imaginary). 
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in  fact  these    values  satisfy   as  well  ibe  equation  of   the    evolute,  as  the    two    derived 
equations 

66V  [{a^x'+iy  -  y)«  +  Qr/a'af]  =  0, 

or  the  points  in  question  are  nodes  of  the  evolute* 

The  evolute  has  the  four  cusps  on  the  axes  and  two  cusps  at  infinity,  in  all  6  cusps 
as  just  mentioned;  it  has  4  nodes:   and  the  order  being  6,  the  class  is 

80-2.4-3.6,  =  4. 


Section  by  the  plane  injimty. 

24.  The  surfjEkce  itself  is  finite,  and  the  section  by  the  plane  infinity  is  therefore 
imaginary,  but  by  what  precedes  the  nodal  curve  must  have  real  points  at  infinity,  viz., 
there  must  be  real  acnodal  points  on  this  imaginary  section.  The  section  by  the  plane 
infinity  resembles  in  &ct  the  principal  sections;  viz.,  writing  successively  {«  oo,  and 
17  s  00^  we  have 

-i870^aj":-7a6y:-o^^«a*+i7:6»+iy:c*+«y      or 

giving  respectively 

oV  +  Vy»+c'«»  =  0,    and    (oa«;)*  + (i^)'+(oyi^*  =  0, 

where  the  first  equation  represents  an  imaginary  conic  which  counts  three  times;  and  the 
second  equation,  the  rationalised  form  of  which  is 

(a'a  V  +  V^f  +  cVO*  -  27  (fbVcF^r/a?y'^  »  0, 

an  imaginary  evolute.  The  conic  and  evolute  have  four  contacts  and  four  simple  intersections 
(in  all  4.2  +  4  a  12  intersections)  which  are  all  of  them  imaginary.  But  the  evolute  has 
four  real  nodes  (acnodes)  a V«^  =  i^/Sy  =  c^7^«* ;  or,  what  is  the  same  thing,  there  are  four 
real  lines  a*aV  =  i^)8y  =  cV«*>  which  are  respectivdy  asymptotes  of  the  nodal  curve:  viz., 
inasmuch  as  the  equation  of  the  surface  contains  only  the  squares  a?,  ^,  s^,  the  lines  in 
question  will  be  not  merely  parallel  to,  but  will  be,  the  asymptotes  of  the  nodal  curve. 

The  plane  infinity  may  be  reckoned  as  a  principal  plane,  and  we  may  say  that  in 
each  of  the  four  principal  planes  there  are  four  umbilicar  centres,  four  outcrops,  and  four 
evolute-node& 


Hie  generation  of  the  eurface  considered  geoTnetricdUy.    Arts.  Nos.  25  to  28. 

25.    I  have  deferred  until  this  point  the  discussion  of  the  generation  of  the  centre- 
sui&ce  by  means  of  the  centro-curvee,  for  the  reason  that  it  can  be  carried  on  more  precisely 

42—2 
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now  that  we  know  the  fonns  of  the  principal  sections  and  of  the  nodal  curve.    The  two 


figures  exhibit  (as  regards  one  octant  of  the  Bur£ace)  the  portions  already  distinguished  as  (A), 
and  (B) :  they  intersect  each  other  in  the  nodal  curvOi  shown  in  each  of  the  figures. ' 

26.    Consider  first  the  generation  of  the  portion   (A)  by  means  of  the   major-mean 
sequential  centro-curves.     The  major-mean  curves  of  curvature  (attending  to  those  below 


the  plane  of  ay)  commence  with  a  portion  (extending  from  umbilicus  to  umbilicus)  of  the 
ellipse  ■^+ jr=»l>  this  may  be  termed  the  vertical  curve,  and  they  end  with  the  whole 

ellipse  -J-  +  -^  =  1,  which  may  be  termed  the  horizontal  curve.    The  normals  at  the  several 
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points  of  the  vertical  curve  successively  intersect  along  a  portion  (terminated  each  way  at 
an  umbilicar  centre)  of  the  evolute  in  the  plane  of  xz  or  umbilicar  plane ;  viz.  this  portion 
of  the  evolute,  shown  fig.  (a),  is  the  sequential  centro-curve  belonging  to  the  vertical  curve 
of  curvature.  The  curve  of  curvature  is  at  first  a  narrow  oval  surrounding  the  vertical 
curve;  the  corresponding  form  of  the  sequential  centro-curve  is  at  once  seen  to  be  a  four- 
cusped  curve  as  in  fig.  (6),  and  which  we  may  imagine  as  derived  firom  the  curve  (a)  by 
first  doubling  this  curve  and  then  opening  out  the  two  component  parts  thereof:  the  two 
upper  cusps  of  the  curve  (J)  are  situate  on  the  y-^-ellipse  of  the  centro-surface,  and  the 
two  lower  cusps  upon  two  detached  portions  respectively  of  the  a?4r-ellipse  of  the  centro- 
surface.  '  And  as  the  curve  of  curvature  gradually  broadens  out  and  ultimately  coincides  with 
the  Xy-section  of  the  ellipsoid,  the  four-cusped  curve  continues  to  open  itself  out,  and 
ultimately  coincides  as  shown  figure  (c)  with  the  a?y-evolute  of  the  centro-surface,  viz.  this 
evolute  is  the  sequential  centro-curve  belonging  to  the  horizontal  curve  of  curvature  or 
XZ-section  of  the  ellipsoid.  The  successive  sequential  curves  are  also  shown  (so  far  as  regards 
an  octant  of  the  surface)  in  the  figure  (A). 

27.  We  consider  next  the  generation  of  the  portion  (B)  by  means  of  the  major-mean 
concomitant  centre-curves.  Starting  as  before  with  the  vertical  curve  of  curvature,,  the  con- 
comitant centro-curve  is  a  finite  portion  (terminated  each  way  at  an  umbilicar  centre)  of 
the  iCir-ellipse  of  the  centro-surface.  As  the  curve  of  curvature  opens  itself  out  into  an  oval> 
the  concomitant  centro-curve  in  like  manner  opens  itself  out  into  an  oval,  the  two  further 
vertices  thereof  situate  on  two  detached  portibns  of  the  d;z-evolute  of  the  centro-surface,  and 
the  two  nearer  vertices  on  the  y^-evolute  of  the  central  surface.  And  as  the  curve  of 
curvature  continues  to  open  itself  out,  and  ultimately  coincides  with  the  horizontal  curve  or 
XF-section  of  the  ellipsoid,  so  the  concomitant  centro-curve  continues  to  open  itself  out 
and  ultimately  coincides  with  the  a:y-ellipse.of  the  centro-surface.  The  successive  forms  (so  far 
as  relates  to  an  octant  of  the  surfieuse)  are  shown  in  the  figure  (B).  We  have  in  each  case 
attended  only  to  the  curves  of  curvature  below  the  plane  of  «y,  and  the  corresponding  centre- 
curves  above  the  plane  of  xy^  but  of  course  every  thing  is  symmetrical  as  regards  the  two 
sides  of  the  plane. 

28.  There    is  a  precisely  similar   generation  of  the  portion   (A)   by  the  minor-mean 
•concomitant  centre-curves,  and  of  the  portion  (B)  by  means  of  the  major-mean  sequential 

centre-curves. 

The  Nodal  Curve.    Art.  Nos.  29  to  60. 

29.  If  two  different  points  on  the  ellipsoid  correspond  to  the  same  point  on  the  centre- 
surface,  this  will  be  a  point  on  the  Nodal  Curve :  the  conditions  for  this  if  (f,  17),  (f^,  17J 
are  the  parameters  for  the  two  points  on  the  ellipsoid,  are  obviously 

(o«  +  f)«(a«  +  i7)  =  (a»+f.)»(a*+,.), 
(J«  +  D*(i^  +  '?)  =  (6'  +  f,)*(**  +  ';x). 


Digitized  by 


Google 


334 


Mb  CAYLEY,  on  THE  OENTRO-STTRFACE 


these  equations  in  effect  detennine  17  as  a  Amotion  of  (,  so  that  the  equations 

-/»yaV=:(a»  +  f)«  (o'+iy),  &c. 

then  determine  the  co-ordinates  (x,  y,  z)  of  a  point  on  the  Nodal  Curve  in  terms  of  the 
single  parameter  {. 

The  relation  between  f  and  17  would  be  obtained  by  eliminating  f^,  17^  from  the  fore- 
going equation:  but  it  is  easier  to  eliminate  17  and  17^,  thus  obtaining  between  fj  and  f 
a  relation  in  virtue  of  which  f^  may  be  regarded  as  a  known  function  of  f ;  17  and  17^ 
can  then  be  expressed  in  terms  of  {,  f^,  so  that  each  of  these  quantities  will  be  in  effect 
a  known  function  of  f  *. 

30.    The  relation  between  f ,  {,  is  in  the  first  instance  given  in  the  form 

Throwing  out  a  factor  (f  —  fj*,  this  becomes 

x(i»-c»).(l.l,l)t((i«  +  f)(c'  +  f.).  (*'  +  f,)(c'  +  f))T  =  0. 

where  the  left-hand  side  is  a  symmetrical  fimction  of  {,  f,  vanishing  for  ^^^i,  and  there- 
fore divisible  by  (f-f,)*;  it  is  also  divisible  by  A,  '»i^-d){<?-<i){cf-V){^<ifiy).  To 
work  this  out,  write  f  +  f,»i>,  ffi^j.  the  equation  may  be  written 


S{(J*-c^a* 


8a* 


}  =  0, 


8JV 

+  32* 
where  the  left-hand  side  divides  by  A(|>*  — 4;). 

31.    Developing  and  reducing,  and  omitting  this  fiustor,  the  final  result  is 

6fi  +  3^  +  P(p*  +  2j)  +  Spj  =  0, 
where  as  before  P,  Q,  B  denote  cf  +  b'+c',  bV+tfa'+c^',  o*6V,  respectively;  that  is 

or  as  this  may  be  written 

+  f,(30  +  4Pf  +  8n 

viz.  the  parameters  {,  {^  have  a  symmetrical  (2,  2)  correspondence. 


*  This  was  my  first  method  of  solution ;  and  I  have  I  — Imt  it  will  appear  in  the  sequel  that  I  have  sncoeeded  in 
thought  the  xesnlts  quite  intejpesting  enough  to  retain  them  I  expressing  ^,  ti,  ^,  ir„  in  tanns  of  a  single  parameter  <r. 
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32.    From  the  equations  («^+f)'(a'+ij)-=(«^+f,)*(«^+i7,),  &e.,  we  ham 

2(y-0{(«^+e'(a*+'?)-(«'+?/(«'+';J}-o, 

2i^c'(J'-c^{(a«  +  f/(a»+„)-(a*+fO« («•+,)}  -0; 
and  observing  that  the  term  in  {  }  is 

these  are  readily  reduced  to 

{8S+n-^^-V^)  P+  (3r+  3f9-  3f.'-3f.i,.)  -  0, 
(BS+V'H,-V^)B+rv-ir\  -0, 

or  what  is  the  same  thing 

3(f-f.)(P+f+f.)+i7(P+3©-,,(P+3f.)-0. 

and  if  we  hence  determine  the  ratios   3((—f,)  :  i;  :  17,,  the  first  of  the  resulting  terms 
divides  by  f  —  f,,  and  we  have 

3  :  1,  :  u.=— P(r  +  ff.  +  f.')  +  3iJ-3ff,(f+fO 
:-B(2ft-f)-f.'(P+f  +  f.) 
:-B(2f-f,)-r(P+f  +  f.). 

Hence  observing  that  by  the  relation  between  ^,  f ,  the  first  term  is 

=  3{Pff.  +  «(f  +  f.)  +  3J?}, 
the  equations  become 

l:i,:v,-Pff.  +  «(f+f.)  +  3i? 

:-B(2f.-f)-ft*(P  +  f+f.) 
:ii(2f-f.)-r(P+f+fJ; 
and  we  thus  have 

g(2g,-g)-f.*(P  +  f+g.) 
'         Pff,+  «(f  +  fJ  +  35     ' 

which,  considering  f ^  as  a  given  function  of  ^,  gives  17  as  a  function  of  f. 

33.    I  write  f +  fj«2x,   f-fi=*2y,  so  that  f?«2x,  jssx*— y*,  the  relation  between 

{,  P.  takes  the  form 

6(S+Cx  +  Px"-x«)-(6x  +  2P)y««0, 

or,  what  is  the  same  thing, 

.     (x  +  <0(x  +  y)(x  +  c^ 
y^"      x  +  i(a"  +  6"  +  ^      ' 
80  that  taking  x  at  pleasure  and  considering  y  as  denoting  this  function  of  x,  the  values 
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of  f,  f,  belonging  to  a  point  on  the  nodal  curve  are  f=(x  +  y),  fi  =  (x-y);    and  the 
value  of  17  IB  then  given  as  before. 

34.  The  form  just  given  is  analytically  the  most  convenient,  but  there  is  some  ad- 
vantage in  writing  -^x,   -T=y,  in  the  place  of  x,  y  respectively;  viz.  we  then  have 

,^(x  +  a'V2)(x  +  yV2)(x  +  c'V2) 
*     ^  x  +  jV2(aP  +  ft»  +  c*) 

where  f=s-y=(x  +  y),  fi  =  7=(x  — y),  bo  that  if  (f,  fj  be  taken  as  rectangular  co-ordinates 

of  a  point  in  a  plane^  (x,  y)  will  be  the  rectangular  co-ordinates  of  the  same  point  referred 
to  axes  inclined  at  angles  of  45^  to  the  first-mentioned  axes  respectively. 

35.  The  curve  is  a  cubic  curve  symmetrical  in  regard  to  the  axis  of  z,  and  having 
the  three  asymptotes, 

Ji^^:^{df  +  V+i?)^f%  y«±{x  +  J((iP  +  y+c»)>/2}, 
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viz.  these  all  meet  in  the  point  P  the  oo-oidinateB  of  which  are 

x«-J(a*+y  +  0V2,      y  =  0: 

moreover  we  have  y  =  0  for  the  values  x=s  — a'Vl,  — ft'Vl,  — c?V2,  that  is,  the  curve 
meets  the  axis  of  x  in  the  points  A,  B,  C\  the  order  in  the  direction  of  -x  being 
C,  B,  P,  A  as  shown  in  the  figure:  and  with  these  data  it  is  easy  to  draw  the  curve: 
the  portion  which  gives  the  crunodal  part  of  the  nodal  curve  ia  that  extending  from  B  to 
the  points  XI;  viz.  at  J5  we  have  f  =  ^,  =  -6"  corresponding  to  the  umbilicar  centre;  and 

at  il,  12  we  have  f  or  fj^-c",  f,  or  f  «-c'  +  -^^  corresponding  to  the  outcrop. 

36.  The  nodal  curve  passes  through  (I)  the  umbilicar  centres,  (II)  the  outcrops,  (III)  the 
nodes  of  the  evolute.  The  geometrical  construction  led  to  the  conclusion  that  the  real 
umbilicar  centre  was  a  node  on  the  nodal  curve,  and  that  the  real  outcrop  was  a  cusp  (the 
tangent  lying  in  the  principal  plane).  It  will  presently  appear  generally,  as  regi^ds  the  several 
points  real  or  imaginary,  that  the  umbilicar  centre  is  a  node  on  the  nodal  curve,  and  the  out- 
crop a  cusp— the  tangent  at  the  outcrop  being  in  the  principal  plane :  as  regards  the  node  on 
the  evolute  this  is  a  simple  point  on  the  nodal  curve,  and  by  reason  of  the  symmetry  in  r^ard 
to  the  principal  plane,  the  nodal  curve  wiU  at  this  (imaginazy)  point  cut  the  principal  plane 
at  right  angles.  Hence  considering  the  intersections  of  the  nodal  curve  by  a  principal  plane, 
the  umbilicar  centre,  outcrop  and  node  of  the  evolute  count  respectively  as  2  points,  3  points 
and  1  point,  and  as  for  each  kind  the  number  is  4,  the  whole  number  of  intersections  is 
4  (2  +  3  +  1),  8  24.  It  may  be  shown  that  these  are  the  only  intersections  of  the  nodal  curve 
with  the  principal  plane  ;*  and  this  being  so,  it  follows  that  the  order  of  the  nodal  curve  is  »  24 ; 
which  agrees  with  the  result  of  a  subsequent  analytical  investigation. 

37.  The  umbilicar  centres  or  points  (I)  belong  to  values  such  as  f  as  f  ^  =s  —  a*  which  are 

the  united  values  in  the  equation  between   (f,  f^),  viz.  writing  herein  fi^f  the  equation 

becomes 

(f  +  a«)(f+y)(f  +  c«)-0, 

so  that  the  united  values  are  f  «  f  ^ «  —  a*,  —  6"  or  —  c^.  (It  may  be  remarked,  that  treating 
this  cubic  as  a  degenerate  quartic,  a  united  value  would  be  ^a^^soo,  corresponding  to  the 
umbilicar  centres  at  infinity.) 

To  a  value  such  as  { =»  —  <^  there  corresponds  (not  only  the  value  f ^  —  —  a\  but  also)  a 

value  f,  =  -  a'  +  ^^7  >  ^  ^*  ^  ^^7  ^  verify.  And  the  outcrops  or  points  (II)  belong  to  such 
values  f»-a',f,  =  -a«  +  |^^. 

And  the  nodes  of  the  evolute  or  points  (III)  belong  to  values  such  as  f  =  «6"  +  o>V, 
f,sa>'&'  +  aK^  (a>  an  imaginary  cube  root  of  unity)  which,  as  it  is  easy  to  see,  ^tisfy  the 
relation  between  (f,  f^).  But  to  complete  the  theory  we  require  to  have  the  values  of  17,  tf^ 
and  also  the  co-ordinates  of  the  points  on  the  centro-surface,  and  of  the  two  points  on  the 
ellipsoid 
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38.  I  exhibit  the  results  first  for  the  umbilicar  centres  (imaginary),  outcrops  (imaginary), 
and  nodes  of  the  evolute  (imaginary),  in  the  plane  a;  =  0;  secondly  for  the  real  umbilicar 
centres  in  the  plane  y  =  0  and  for  the  real  outcrops  in  the  plane  2  =  0.  The  formulae  contain 
an  expression  XI  which  is  a  i^rmmetrical  function  of  a,  /8,  7  (or  a,  b,  e),  viz.  it  is 

n  =  o»-/9y=^-7a  =  y'-a/9  =  i(a*+j8»  +  7»)  =  -(/3>y  +  7«  +  a/8). 

We  have 


Z=0, 


^-4 


X 


^- 

=0. 

V' 

-K- 

zr 

a 

(Umbilious). 


6y 


=    0,1 


a 


(Umbilicar  centre). 


II.    i^-a\ 


.-aP  + 


9/37fl 


(o-^^--l^'--^»1^)- 


^•=-«*  +  &' '.  =  -«'• 


^-     '^«(/3-7)" 
Ellipse,  concomitant 
a;=0, 
3V-.7'(«-/3)' 

«08-7)»' 


c'^^- 


X.  =  0, 

Ellipse,  sequential. 


(Outcrop.) 


r«   z» 


(Observe  that  at  point  F^,  Z^  of  ellipse  — +^a:l,  the  co-ordinates  of  the   centre   of 

curvature  are  y  — "ts^*  ^  = ^>  *^^  i*  thence  appears   that  this  is   the  point  in  regard 

to  whioh  the  ellipse  is  sequential) 

III.         f«ii>i»  +  a>V,    i7«-a»;  Si^ioV  +  w?,      %^-a\ 
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x=o. 

x,^o. 

y^-iv, 

r,' =-&»«, 

Z'^-c'w, 

2;«=-c'««, 

x^O, 

by  =  -a\ 

(Node  of  evolute.) 

<?^ «« 

39.    Observe   that    these   are  the  only   ways    in    which   it  is  possible  to   satisfy  the 
equations 

viz.,  starting  from  this  equation  we  have 

I.  aVf«0,  a»  +  f,-0, 

whence  in  the  equations  for  97,  17,,  substituting  the  values  ^ss^^s  — a*,  we  have 

1  :i7:i7x  =  Pa*-2Ga*  +  3fi, 

:-a*jB  +  a«(P-2a'), 


that  is 
or, 


40.  11.    a*  +  f  a=0  without  a"  +  fi  =  0,  consequently  a*  +  i7,=sO;  writing  f  «-a*,  in  the 
relation  between  ({,  f  J  this  is 

viz.,  this  is 

f^«(i»  +  c'-2a*)  +  fi(-a*--aW-aV  +  3yc")  +  a"(a*--2aV--2aV  +  3yc»)  =  0, 
where  the  left-hand  side  should  divide  by  fj  +  a';  the  equation  in  fact  is 

(fi  +  o"){fi(*"  +  <5"-2a»)  +  a*-2a«6»-2aV  +  36V}  =  0; 
or,  what  is  the  same  thing, 

(?.  +  «•)  {(?,  +  »•)  (^-7)  - 3/9y}  =  0, 

whence  f  ,  =  —  a*  +  -3^ . 

41.  CJonsidering  these  values  of  f,  f,  as  given,  the  verification  of  the  value  r)^  —  —  a*, 
and  detennination  of  n  »  -  a*  +  ,a      \k  ^  somewhat  complex. 


Writing  for  a  moment  A  —  —  q_    ,  we  have 

l:v:  »;,  =  P(o*  +  aPA)  -  Q{2a*  +  A)  +  SB 

:  -  iJ  (a»  +  2A)  -  (a*  +  A)*  (2a^  -  P+ A) 
: -5  (a*  -  A) -a«  (2o*-P+ A). 


43—2 
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The  first  term  is 

a^P -  2o*g  +  85  +  A  (a*P-  Q), 

which  is 

=  -a'/37  +  A(a*-yc'), 

and  for  the  value  of  %  proceeding  to  the  third  term,  this  is 

=  -  a*iJ  -  of  (2a»  -  P)  +  A  (22  -  o«), 
which  is 

-a*i8y-o*A(a*-yO. 
so  that  without  any  further  reduction  ijj  =  — <^. 

42.  We  have  then 

-■B(o*  +  2A)-(a«  +  A)*(a«-y-c'  +  A) 

''"  -a'/87  +  A(a*-6»0  ' 

and  I  assume 

and  investigate  the  value  of  Q,. 

We  have 

-jB(<^  +  2A)  - (o»  +  A)»  (c^- ft*-ei»  + A),  =  a';Qy  + A©,  suppose. 

The  equation  therefore  is 

-a*/9V  +  A(a'-i»cO  "^(^^^    ' 

that  is 

A0  =  -o»A  (a*-  y<sO+^j^^ifl  {-a*;9y  + A  (o*-yc^}  =0 

9Bv  3A 

or  writing  j-^  \*'°~7fl ^»•  oJ^t^ng  the  fector  A,  and  multiplying  by  (/S— 7)*,  this  is 

(^  _  y)»  {0  +  o»  (a*  -  W)}  +  Sa  { -  a*/fty  +  A  (o*  6^c0} »  0, 

in  which  equation 

0._25-o«-(3a*+3a»A  +  A*)(a»-i*-c'  +  A), 

and  thence         ©+a*(a*  — J*c^  =  same +<^(o*  —  J^c^, 

=  -3a«  +  3a'  (J»+cO  -  SaVc* 

+  A{-6a'+8a»(S»  +  <f)}     " 

+  A*(-4aP+       J*  +  cO 

-A» 
=  8a^/»y  +  3a»A  08  -  7)  +  A»  08  -  7  -  2a*)  -  A». 

43.  Hence,  substituting  for  A  its  value  and  multiplying  by  (/8  — 7)*,  we  have 

«3a«/»y  09-  7)'-9«'i»y  03-7)*  +  9/8''/08-7-2a')  O8-7)  +  27i8V, 
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which  is 

—  6a*i»y  08  -  7)*  +  9/8V  09  -  7)*  - 1 8a*/3V  O  -  7)  +  27i8»7' ; 
viz.  this  is 

-{-6a*03-7)  +  9y»y}{08-7)*+3)S7}/»y, 
and  the  eqaation  thus  is 

or  finally 

n{a«08-7)  +  8(a*-yc»)}  =  (-2a»09-7)  +  3/»y)03«  +  /»y  +  /). 

But  (?^a*+P,  y=aa'  — y,  and  hence  a*  — JV=  — a*()9— 7)+i87,  and  therefore 
a*09-7)  +  8(a*-i'c')  =  -2a«08-7)  +  3/37; 
the  equation  thus  divides  by  — 2a*  (/8  — 7) +  8^87  and  we  have 

n  =  i8*  +  )S7  +  y, 
or  as  this  may  also  be  written  ilsso"  — /87,  =/8*  — 70,  =7^  —  0^.     So  that  12  has  the  value 
originally  so  denoted,  and  we  have  then 

44.    m.    Lastly    the    equation    0  =  (a*  +  f)*  (a'  +  iy)  =  (a*  +  f)*(a*  +  i7i)    is    satisfied    if 
af+ ffssO,  a?  +  i7,s=0:  the  equations 

then  give 

(5«+f)»  =  (i«+f.)», 

which  can  be  satisfied  by  (^d,  leading  to  {"'f,<»— c^,  which  is  the  case  L,  or  else  by 

that  is 

To  show  that  these  values  satisfy  the  relation  between  f,  {,,  obsenre  that  they  give 

whence  also 
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and  the  relation  becomes 

GoVc"  -  3  [a'  (B*  +  O  +  6»c^  (V  +  <f) 

+  [a»+(y +  o^].3  (6*  +  0-3  (J»+(0  (6*-JV  +c*)  =  0, 
which  is  an  identity. 

43.    I  will  show  that  these  values  of  ^,   ^,  give  the  forcing  values   tisttj^sz 
We  have 

this  is 

or  V^Vt^^f  ^+^71  =  — 2a*;  that  is  17  =  17^  =  — al 


—  a. 


46.    For  the  real  umbilicar  centres  and  outcrops  we  have 

I.  f = -  j«,  „ = -  b',  f, = -  b\  1,.— y. 


y=o, 

/9'  J 


^•  =  -c«|. 


.   (real  umbilicar  centre.) 


IL    f— cP, 


i7  =  -<^  + 


9a/3 


(» '-«--^|5^.  '-»-f;#). 


6— '■+^' '.—«'• 

ellipse  concomitant 


?;•=-.  5» 


a/9-y 


ellipse  sequential 
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"^         7  («-/3)* 
"^        y  (a-/8)'  J 


(real  outcrop). 


.AToftrf  ct«rw  in  vicinity  of  imbilicar  centre,  cfaf  =  -^,  y  =  0,  A**-^  .  Art.  Nos.47  to  49. 

47.  Write  f=_y+j,        ,=_J»  +  r, 

we   have    to   find   the    relatioo   between    q,  q^,  r,  r, ;    first   for   q,  q^,    the    equation    of 
correspondence  gives 

+  30(-2J«  +  j  +  2.) 
+  P(6J*-6J»j  +  j,  +  2*  +  4jy,  +  j,») 
+  3(-2J^  +  3J*^,-J*(5*+4jy,  +  j,»)  +  jf,7+^,)  =0. 
that  is 

-viz.  this  is 

'-8(?  +  8i)«7 

+  (g«+4jj,  +  },»)(7-«) 

whence   approximately   ?  +  Ji  =  0;   hut  it  will   appear  that  the  value  is  required  to  the 
second  order;  we  have  therefore 

J +  ?.-*'^  (2* +  *??.  +  ?.*) 

7* 

48.  Now  the  equations 

(aP  +  f)*(a«  +  i7)  =  (a*  +  f/(a«  +  i,J,  and  (c»  +  f )•((?  + 17) « (c» +  ?,)»(<?  + 17,), 
putting  therein  for  f,  17,  f^,  17^,  their  values,  give  the  first  of  them 

log(l+^)  +  81og(l+2)-log(l+^)+81og(n-^). 


that  is 


'•  +  3?-^(r»  +  3/)+^(»'  +  8j')=r.  +  3j.-l(r,'  +  30+^(V  +  30- 
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and  similarly  the  secoad  equation 

whence  multiplying  by  f,  a,  and  adding, 

(7+a)|r+8j+^(»'+V)}-(y+«)|r,  +  8j.  +  3^(r.*  +  3j.«)}. 
which,  neglecting  terms  of  the  third  order  is 

Subtracting  the  two  equations  we  have 
viz.   this  is 


or,  what  is  the  same  thing, 


7-«( 


^.r,«4.8(3--j,«))+i  ^{t'-r,-  +  3(2»-ft-)}  =  0, 


-r-r,  +  j  +  j,  +  |^(-r»-fT,-r,»  +  2«  +  jj,  +  j«)  =  0, 


which,  putting  therein  r  — ri  =  — S(j  — jj,  is 

say  this  is 
combining  herewith 
we  have 

and  ri  — %  +  j,-A  =  0, 

where 

but  substituting  herein  the  values  r»  — ;  +  2;i,  r^^iq-^q^^  this  becomes 

and  then 
that  is 

49.    We  have  then 


-i{^^'-^^^^). 
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moreover  we  have  at  once 


Heoce,  writing  x+Sx,  0+Sy,  »  +  Sir  for  x,  y,  *,  we  find 

g^^t^  203-7)     . 


^-±J\/|-«'' 


or,  wliat  is  the  same  tiling, 

^     J      J  2  08-7)     .  2     /T      -2(a-fl) 

where  a;,  e  denote  the  Talues  at  the  timbilicar  centre. 

Nodai  curve  m  viomity  of  real  oMcrop,  viz, 

aV— ^|5^^.    yy*-- 2:^^11-^1,    *-0.        Art  Nog.  60  to  62. 

60.    Write 

and  first  for  the  relation  between   q   and  q^,  writing  for  a  moment  -^^  +  j^, »  Q^t    and 
therefore  f^*  — <^+  C^  the  equation  of  correspondence  gives 
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vhich  putting  for  Q^  its  value  is 

'9a0(i  +  i,  +  ^) 

that  is 

+  3a/9(4?  +  2jO  +  («-/^)  (2*  +  %.  +  ?i*) 

or,  i?hat  is  the  same  things 

or  for  small  values 

(^  +  (^)*  +  ^«  =  ^'  thatis^^.j+j.-0. 

51.    Moreover,  from  equation  (o^  +  f)*  (<^ + «?)  *  (<^ + f  J*  (<^  + 1?,),  we  have 

or,  since  j  and  ;,  are  of  the  same  order, ,^,  is  of  the  order  q*.  Hence,  starting  from 
the  equations  — /SyoV  ■■  (a*  +  f  J*  (o*  +  ijj)  &a,  the  terms  of  a,  y  arising  from  the  varia- 
tion of  %  are  indefinitely  small  in  r^ard  to  those  arisiAg  from  the  variation  of  ^,;  and 
we  have 

2S«  8y.  («-/8) 

and  for  fis  (>«)  we  have 
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so  that  writing  for  greater  simplicity,  (a— /8)  jjas-o^/Sw,  the  formul»  become 

X      7  — a 
28fl  3/9 

52.  This  shows  that  there  is  at  the  outcrop  a  cusp,  the  cuspidal  tangent  being  in 
the  plane  of  xy.  It  appears  moreover  that  this  tangent  coincides  with  the  tangent  of  the 
evolute.    In  fact  from  the  equation  (ooj)*  +  (6y)*  —  y  =  0  of  the  evolute  we  have 

X  y  ' 

or  substituting  for  (a?,  y)  their  values  at  the  outcrop, 

fi{y-a)  dx      a(^-7)  ^V^q. 

that  is^ 

/8(7-«)f  +  «09-7)^  =  O. 

which  is  satisfied  by  the  foregoing  values  of  — ,  and  -^,  and  the  two  tangents  therefor© 
coincide. 


We  have 


*m'*m--^-f^*'-^]. 


which  in  virtue  of 

o»a  08  -  7)  +  yyS  (7  -  a)  +  c^y  (a  - /S)  =  8<^y, 

is  ■        4{(8x)«  +  (%,n-^^^^-.{8«^-c?(«-/3)} 

(observe  3ai8  -  c*  (a  -  /8),  -  -  <?  (7  -  a)  -  %cfa,  is  n^ative) 

if  f,  be  the  value  at  the  outcrop.    Writing  8»  for  the  element  of  the  arc  we  have 

which  exhibit  the  fonn  at  the  outcrop. 

44^2 
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The  Nodal  Curve;  expressions  for  the  co-ordinates  in  terms  of  a  single 
parameter  <r.    Art  Nos.  53  to  60. 

53.  After  the  foregoing  investigation  of  the  nodal  curvOy  I  was  led  to  perceive  that 
it  is  possible  to  express  ^^  97,  ^j,  97^  in  terms  of  a  single  variable  o-,  and  thus  to  obtain 
expressions  for  the  co-ordinates  of  a  point  of  the  nodal  curve  in  terms  of  the  single  vari- 
able IT.  The  result  was  obtained  by  the  consideration  that  the  acnodal  portion  of  the  nodal 
curve  could  only  arise  from  imaginary  values  of  {,  97 ;  the  question  thus  was,  what  imaginary 
values  of  these  quantities  give  real  values  for  the  co-ordinates  Xy  y,  z.    To  make  y  real  we 

may  assume 

S  =  -h*-p{e-<ln). 

V'-i'+pie  +  ifny, 

(«bV— 1  as  usual):  this  being  so,  if  A  deoote  one  or  other  of  the  quantities 

7. -aC-a'-J",  c'-J'), 

the  expressions  for  — /SyaV,  —  yafty  will  be 

and  we  have  therefore  the  condition  that  this  shall  be  real  (for  the  two  values  Assy, 
^  s«  -.  a) :  being  real,  it  will  in  certain  cases  be  positive,  and  we  shall  then  have  real  values 
for  the  remaining  co-ordinates  x,  z. 

54.  The  condition  of  reality  is  easily  found  to  be 

A«(3^-^"  +  3)-.66^A(^  +  ^-  +  l)+p«  (3(^  +  ^7  +  8^-^'}  =  0, 

viz.  this  equation  in  A  must  have  the  roots  %  —  a,   or  the   expression  on  the  left  hand 

must  be 

=  (8^«^«  +  3){A«^(ry-.a)A-a7}: 

we  have  therefore 

(7-a)'  86(g'  +  »*  +  l); 

^"^       (8^-^«  +  3)l3(^  +  ^7  +  3fl"-^'}' 

and  writing  ^  +  ^'  =  Jf,  3^-^*«F,  the  first  of  these  is 

"^Ti^       (r+3){3(Z«-l)  +  F  +  3}' 

which  regarding  X,  T  as  the  co-ordinates  of  a  point  in  a  plane  is  a  cubic  curve  having 
the  point  X+1«0,  r+3  =  0  as  a  node:  hence  writing  r+3=3ir(X+l),  X  and  T  will 
be  each  of  them  a  rational  function  of  a.    The  second  equation  is 

6fo(X  +  l)  ^,    .   .  (7-g)g'       (7 - «) g" ■ 


Digitized  by 


Google 


OF  AN  ELLIPSOID.  34» 

and  we  have  also 

the  equations  thus  become 

e        u     (7- «)«•(,      .    nX-Y\ 


,...,fc^^£±Z)|,,,^^}'. 


which  are  better  written  in  the  form 

where  X,  F  are  given  functions  of  ir.  We  in  fact  thus  obtain  an  analytical  expression  of 
the  nodal  curve^  quite  independent  of  the  considerations  as  to  real  and  imaginary  which 
suggested  the  process :  the  foregoing  values  substituted  for  f ,  17  will  give  —  fiyaV,  &c.  equal 
to  rational  functions  of  a,  so   that  taking  for  ^^,  17^  the  same  erpressions,  only  changing 

therein  the  sign  of  the  radical  ^ — w — y.—  ,  these  values  of  f^,  i/j  give  the  very  same 
values  of  ^fiyaV,  Sco.,  or  the  values  of  f,  17,  f^,  rj^  satisfy  the  conditions 

for  a  point  on  the  nodal  curve. 

55.    To  complete  the  investigation,  writing  as  above  F+3s3<r(X  +  l),  we  obtain 

(7-a)*^(3«r  +  l).3:+8<r-8. 
-7a  «r(Z  +  «r-l)       ' 

or  putting  for  a  moment 

(7--a)*g^^ 


-7a 


we  have 


(jr-3)(«r-l)  y  ir(«r-2)+4. 

^~    8<r  +  l-K    '  -*■•*■*-   3o-  +  l-iSr  ' 

^  3Z-<r(«r-2)  +  12<r       ^_3(<r-l)  {g(,r-l)  +  l} 

■^  Sa  +  l-iT'    '      ^  3<r  +  l-ir 

y  (o-lKS^-^  or.  y_3(<r-l){Jr(<r-2)  +  4}. 
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w  sabetituting  for  K  its  value  ve  have 

-^■('%^)('-^J' 

ar  +  l-2r-i{(3<r+l)'/a  +  (7-a)*«r},     =*  — (n«r+7a). 
if  as  before  ft«B/3*-72;  and  the  result  is 


and  changing  the  sign  of  the  radical  we  have  the  values  of  ^^^  ri^. 
66.    Write  for  moment 


then  in  the  product  of  these  two  expressions  the  rational  part  is  ^AA'  +  Bff8;  but  from 
the  manner  in  which  they  were  arrived  at  we  have  0=^AB''^A'B,  and  the  rational  part 
is  thus 

We  have 

^•-5*ifif-{(A-a)»-a'flf}«, 

5-J(7-«){8(A-a)«+a»/8'}; 
hence  the  rational  part  in  question  is 

which  putting  therein  A  =  0  gives  the  value  of  -ToiV;  and  putting  A«7,  or  A-^-a, 
gives  the  value  of  -^^cfa?  «r  —  o^c'fl?. 
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67.    "We  have 

Hence  we  have  at  once  the  value  of 

where  a  «  J  ^  —  7)  a-. 

58.    Moreover 

(A  -  a)*  -  a'iff- AV  2aA  +  a*  (1  - /Sf) 

-  gg^  C(3' -  2)  {- (7  -  «)  A<r  +  A»}  +  (7  -  a)»  <T»  +  Say], 

where  the  term  in  [  ]  is 

o»  (7  -  a)  (7 -a  -  8A)  +  <r  {8A*  +  2  (7- a)  A  +  3«7r- 2A*, 

and  since  A»7  or  -a,  that  »  A»-(7-a)A-a7  =  0j  ^«  coefficient  of  <r  is 

=  A{6A-(7-a)}, 
or  the  term  is  the  product  of  two  linear  functions  of  <r ;  and  we  have 

(A-a)«-a»-8'=^^{<r(7-a)-2A}{*(7-a-3A)  +  A}. 

SimUaily 

8(A-a)*+a»flr-3(A*-2«A)+a*(3  +  ;8f) 

-  3^  [(S<r  -  2)  {- (7  -  «)  «yA  +  A»}  +  o- {(7  -  «)  <r  +  a}  1(7  -  a)  <r  -  7}1 

where  the  term  in  [  ]  is 

(7-a)*a»-(7-a)(7-a+8A)«'+{3A*+2(7-ol.A-a7}<r-2A*, 

in  which  the  coefficient  of  «r  is  » A{2A  +  8(7-a)},  and  the  term  is  a  product  of  three 
linear  functions:  hwce 

3  (A  -  a>»  +  a*  fl  - 1^^^  (7^^<^:->  A  )  (F^«r  -  2A) . 
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59.    Substituting  these  values  we  have  the  expression 

fl<r  +  7a  {(7-a)o--A}(3<r-2)'  ' 

which  writing  therein  A «  7  gives  —  fiyaV,   and   writing  A  =  —  a  gives  —  o^cV ;  we  have 
fibove  an  expression  for  —  yab^t^  requiring  only  a  simple  reduction,  and  the  final  results  are 

^pyaar^  (ncr  +  7a)  (3cr^2/ 

-  o.«&V  =  (^IK {(7 - a)V+8^« 


yaby 


(llcr  +  7a)(3<T-2)' 


,  ^^^^{(7-g)^-7H(7-tt)^  +  2ttn(«-i8)^-«r 
^  (ft<r  +  7a)(8cr-2)' 

where  it  is  to  be  observed  that,  equating  the  denominator  to   0,  we  have  a  triple  root 
c  s  « ;  to  indicate  this,  we  may  insert  in  the  denominator  the  fSsMrtor  (1  —  Oo*)*. 

60.    We  see  here  the  meaning  of  all  the  fGUstors,  vie. 


x^O 


Evolute  nodes 


Umbilicar  centres 


Outcrops 


Planes, 


a 
<rs  — < — — 
7-a 

<rml 

y-A 

11 

«r  =  0 

-2a 
7-0 

ir-l 

".A 

—87a 

a 

«■=« 

For  the  real  curve  <r  extends  from  — g  through  0  to  -^,  viz, 

o-«-— g  gives  outcrop  in  plane  «s=0, 

0-0       Op      umbilicar  centre  in  plane  y^cQ, 

o'  —  ^--     „      evolute-node  in  plane  «♦ 
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It  is  to  be  noticed  that  the  order  of  magnitude  of  the  terms  in  the  table  is 

7  — a     7  — a  p  — 7     a— p  U       7— a     7  — a     v7"**/" 

80  that  the  values   ^,  0,  -^  which  belong  to  the  real  curve  are  contiguous;  this 

is  as  it  should  be.  Several  of  the  preceding  investigations  conducted  bj  means .  of  the 
quantities  ^^  %  f^,  17^  might  have  been  conducted  more  simply  by  means  of  jbhe  formulsB 
involving  a. 

The  Eight   Cuspidal   Cmics.    Art.  Nos.  61  to  71. 
61.    The  centro-surface  is  the  envelope  o£  the  quadric 

Hence  it  has  a  cuspidal  curve  given  by  means  of  this  equation   and    the  first  and 
second  derived  equations 


which  equations  determine  aV,  5V,  c^«"  in  terms  of  f ,   viz.  we  have 

-7«»y  «(*•+»*. 

-a^c*««=(c»  +  f)^ 

80  that,  comparing  with  the  equations  -)37aV=(a*  +  f)' (a^  +  iy)  &c.  which  give  the  centro- 
surface,  we  see  that  for  the  cuspidal  curve  ^  =  17;  or  the  cuspidal  curve  now  in  question 
arises  from  the  eight  lines  on  the  ellipsoid,  which  lines  are  the  envelope  of  the  curves 
of  curvature :  it  is  clear  that  the  curve  is  imaginary. 

62.    From  the  foregoing  equations  we  have : 

^aax  +  *f^by  +  ^7  c^  =  V  —  0^7, 

aWoi  + /S*  V^+ 7*  Vc7=  0, 
the  second  of  which  is  best  written  in  the  rationalised  form 

(1,  1,  1,- 1,-1,-1)  (aVi"aaj,  fi^fi  %,  7^c«)"«0, 
and  combining  herewith  the  equation 


then  for  any  given  signs  of  Vo]  VJS,  V7  and  V  — a/87  the  first  of  these  equations  represents 

a  quadric  surface,  the  second  a  plane,   or  the  two  equations  together  represent   a  conic. 
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By  changing  the  signs  of  the  radicals  (observing  that  when  all  the  signs  are  changed 
simultaneously  the  curve  ia  unaltered}  we  obtain  in  all  8  conies,  but  only  four  quadric 
surfaces ;  viz.  the  two  conies 

VflToaj  +  V/STfty  *J^cz  =  ±  V  -  a^y 
lie  on  the  same  quadno  surface. 

63.  The  oonica  fonn  two  sets  of  four,  eorresponding  to  the  two  sets  of  four  lines 
on  the  ellipsoid.  The  analysis  seems  to  establish  a  correspondence  of  each  conic  of  .the 
one  set  to  a  single  conic  of  the  other  set ;  viz.  the  conies  have  been  obtained  in  pairs 
as  the  intersections  of  the  same  quadric  surface  by  a  pair  of  planes:  there  is  a  like 
correspondence  of  each  line  of  th^  one  set  to  a  single  line  of  the  other  set,  viz.  the 
lines  meet  in  pairs  on  the  umbilici  at  inii|iity,  but  this  correspondence  is  included  in  a 
more  general  property:  in  fact  each  line  of  the  one  set  meets  each  line  of  the  other 
set  in  an  umbilicus;  and  the  corresponding  conies  (not  only  meet  but)  touch  at  the 
corresponding  umbiliear  centre;  and  qudt  touching  conies  they  have  two  points  and 
intersection,  and  consequently  lie  on  the  same  quadric  surface.  It  is  to  be  added  that 
the  two  conies  touch  also  at  the  umbiliear  centre  the  cuspidal  conic  of  the  principal 
section. 

64.  The  8  conies  form  two  tetrads^  and  the  principal  conies  .(reckoning  as  one  of 
them  the  conic  at  infinity)  another  tetrad:  the  complete  cuspidal  curve  consists  therefore 
of  three  tetrads  of  conies:  with  these  we  may  form  (one  oonie  out  of  each  tetrad)  16 
triads;  viz.  each  conic  of  one  tetrad  is  combined  with  each  conic  of  either  of  the  other 
tetrads,  and  with  a  determinate  conic  of  the  third  tetrad,  to  form  a  triad.  And  the  conies 
of  each  triad,  not  only  meet  but  touch  at  an  umbiliear  centre,  the  common  tangent  being 
also  by  what  precedes,  the  tangent  of  the  evolute  at  that  point,  which  point  is  also  a  node 
of  the  nodal  curve. 

65.  In  fact  consider  the  two  conies 

(1,  1,  1,-1,^1,^1)  («VS:aa?,  ±/SV/86y,  y^e^y^Oi 
for  the  intersections  with  the  plane  y=«0  we  have 

(a  Va  oa;  — 7  V7G«)* «  0 ; 
so  that  the  two  conies  each  meet  the  plane  in  question  in  the  same  two  coincident  points, 
that  is  they  each  touch  the  plane  y^O  at  the  same  point,  viz.  the  point  given  by  the 
equations  _  __ 

a  */aax  —  7  V7  c^  =  0 ; 
viz.  this  is  the  point,  ax''-j=^  ,  c<f » --p=^,  which  is  one  of  the  umbiliear  centi-es 
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and  the  common  tangent  at  this  point  is 

which  is  also  the  common  tangent  of  the  ellipse  and  evolute  in  the  plane  y  —  0» 

66.  It  has  been  seen  that  the  nodal  curve  meets  each  principal  conic  at  four  outcrops, 
which  points  ore  Cusps  of  the  nodal  cuire:  it  is  to  be  further  shown  that  the  nodal 
curve  meets  each  of  the  8  cuspidal  conies  in  four  points  (giving  32  new  points,  which 
may  be  called  'outcrops/  the  16  points  heretofore  so  called  being  distinguished  as  the 
principal  outcrops  or  16  outcrops,  and  the  points  now  in  question  as  the  82  outcrops),  which 
points  are  cusps  of  the  nodal  curve. 

In  fact  to  obtain  thd  intersectious  of  the  nodal  curv6  with  the  8  cuspidal  conies, 
we  must  in  the  equation  of  the  nodal  curve,  or  (what  is  the  sam^  thing)  in  the  expressions 
of  ^,  17  in  terms  of  cr,  write  iys=f. 

67.  Putting  far  '^ortnMS 

^^i(7-«)*<r(<r-l)(8ir^2) 
^  flir  +  va  * 

and  as  before 

^ <r(3a-2)    ^ • 

we  have  thus 

©(l  +  V5)»»l-\/;5 
or,  what  is  the  same  thing, 

e(i+B^-i+v;^ie<3+^+ij-o: 

we  have  without  difficulty 

e{i+»vs)-i W^''^    ^-^ 

SO  that  the  resulting  equation  contains  the  factCMr 
omitting  it,  the  equation  becomes 

or  puttmg  for  shortness  »    ^  \i  =  J^  ^J^d  rationalising,  this  is 

-((7'-2cr-Jlf)(3cr-2)»cr  +  3(3<T'^6<7'  +  4cr  +  -Ji^)*=0, 
and,  working  this  out,  the  tentts  in  d\  c*  disappeftr,  and  the  result  is 

(36  +  27if )  cr*  -  (64  +  36if )  a*  +  82<7*  +  16Jf<r  +  3Jir«  0, 
or,  as  this  may  also  be  written, 

45—2 


Digitized  by 


Google 


356  Mb  CAYLEY,  on  THE  CENTROflURFACE 

8Jf»  +  af  (27ff*  -  sea*  +  16a)  +  4  (9«r«  -  leo*  +  8<7*) »  0. 

a  quartic  eqtiation  in  <r :  to  e^ch  of  the  4  roots  there  correspond  8  intersections,  viz.  there 
viU  be  in  all  32  intersections,  lying  in  4's  upon  the  8  cuspidal  conies. 

68.  To   show  that  these  points  are  cusps,  or  stationary  points  on  the  nodal  curve, 
starting  from  the  expressions  of  —  jSyaV  &c.  in  terms  of  <r  we  have,  first  for  dy, 

2rfy     ,  f    1      ,2  3(y-«)'  fl  6     I 

y  ~      '[«r-l"'"«r     (7-a)''«r  +  8a7     fia-+7«     8o--2j' 

or,  as  this  may  be  written, 

2dy_.   (12  12 4+3ilf  _6_) 

~  y~~      V-1     <r"'"4<r  +  3Jf     (4  +  3if)«r  +  Jf    8o--2}' 

_  ,    f  3q*-6<r  +  4      (32  +  243f)a— 93f'  ) 

'"'*'t3»'-6a*  +  2«r'*' (16  +  121fy  +  (16"if +9if*)<r+3if»j' 

_<fo-.4{(36  +  27if)«r*-(64  +  361f)«y*  +  32g'4-16Jf<r+33f} 
<r  («r- 1)  (3«— 2)  (4ff  +  3Jf )  {(4+ 3if )  «r +if } 

viz.  the  numerator  vanishes  when  o-  is  a  root  of  the  quartic  equation. 

69.  We  have  next 

"    «  ■[(7-a)<r  +  a     (7-a)«r-27     08-7)<r  +  'y     Oa  +  foi     3(r-2j' 

which,  putting  -^^B,  and:therefore -  =  S—  1,  and  - "    =  C,  is 

'*'        »7-a  7-«  /3-y 

_  ,    f        1  ^       ,      S  4  +  33f  6     ) 

~^\<r  +  B-l'*'<r-2B'^ff+0^ii  +  SM)<r  +  M     3<r-2r 

3 

and  adding  the  firactioDS  except         ^,  the  numerator  i& 

a'(27Jl£B  +  365-4) 
+  <r  {54  (5«-5)  if +725*- 80B  +  8} 
+     4if-.16B»  +  165, 

which  observing  that  JS"  — -Baa  J  Jlf  ig 

ff»(27JfB  +  365-4) 

+  «r  ^  Jf*  +  18  Jf  -  85  +  8) , 

and,  substituting  for  M  and  5  their  values,  this  is  found  to  be 

4(27  +  o)»      ^8(27+a)»a 
-1F^*^+     (7-a)«     '' 

4(2y+a)* 


^'('S^J- 
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70.    Hence  observing  that  C=5-5L  =-=^  ,  the  whole  coefficient  of  da  is 

4(2y+a)'/  2«      \ 

~i^f^^\f^^7:r^V  3 

and  the  numerator  of  this  is 

+  3  (S<r-2)  («j»-ff- J  if- ^)  {(3Jf  +  4)  ^+ jf }, 
which  is 

=  3  (S<r  -  2)  («j»  -  <r  -  i  Jf )  {(8Jf  +  4)  <r  +  Jf }, 

+  »[  -  35  (3ff  -  2)  {(31f  +  4)  o- +  if }, 

the  tenn  in  {    }  is 

.  ^|^_(i!7Jf+36)J+^X;^'] 

which  is  found  to  be 

«-4<7»+<r(8  +  15if+^  Jf^ -2Jf-|  JT, 

and  the- whole  numerator  is  thus 

3  (3«rr  2)  {p*'<r~\M)  [(8Jf  +  4)  <r  +  Jf ] 

-4a»  +  «j»(8  +  15Jf+*f  Jf*)  +  «r(-2Jf-fif*), 

which  is 

»  (86  +  27Jf)  a*  -  (64  +  86 Jf)  <r*  +  32ff»  +  16Jf<r  +  Sif*. 

71.    We  have  thus 

^^rmcfa-      (S6  +  27iOg*-(64  +  36-3f)g'  +  82<j'+16Jfo  +  8Jf* 
*  <r(o--l)(3<r-2)(4<r  +  3Jf){(4  +  31f)o-  +  if}(«-+5Z-)' 

and  thence  also 

2<fe_j^     (36  +  27Jlf)g*-(64-t-86Jf)g'-f32<;*+16Jf<r  +  8Jf* 

'  ir(«7-l)(3«7-2)(4(7  +  3Jf){(4  +  3-30«'  +  'M'}(o--^^)  ' 
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so  that  dx  and  dz  also  yanish  wjien  cr  is  a  root  of  thd  quartic  equation:  the  points 
in  question  are  therefore  cusps  o^  the  nodal  cttrte. 

Centrosurface  as  thi  envdop^  ^fih^  quadric  Sa^a^(a'+f)*^«-l.    Art.  Nos.  72  to  76. 

72L  The  equations  —  i87aV=  (a*  +  f)'(a'+i7),  &c.  considering  therein  f ,  17  as  variable 
give  the  centro-surfieu^ :  considering  17  as  a  given  constant  but  ^  as  variable  they  give 
the  sequential  centro-curve;  and  to&sidering  f  as  a  giten  C&IiStSDt  but  1;  as  variable  they 
give  the  concomitant  centro-cunre. 

73w  Suppose  first  that  9  is  a  given  Qonstant ;  to  eliminate  f  we  may  write  the 
equations  in  the  form 

and  then  multiplying  first  by  a  {a*  + 1^),  &a  and  addiug,  and  secondly  by  a,  &c.,  and  adding 
(observing  that  2a(a*  + f)  (a'-f  ij)=.-a^7,  Sa(a*  +  f)=0);  wfe  have 

2(oMia;)«(a*-hl)-*  =  0, 

which  eqiiati(»iSy  considering  therein  9;  as  a  gireft  constant,  are  the  liquations  of  a  sequential 
centro-curve. 

If  fix>m  the  two  eqtaatiobS  we  eliminate  ^  we  sk>ald  have  the  equation  of  the  centro- 
surface;  the  second  equation  is  the  derivative  of  the  first  in  regard  to  17;  and  it  thus 
appears  that  the  equation  o{  the  oentro-sur£AC«  might  be  obtained  by  equating  to  zero 
the  discriminant  of  the  rationalised  function 

norm.  [{S  (aoa?)'  (o"  + 17)*}  -  (o^/&y)'] ; 

but  the  form  is  too  inconvenitet  t6  be  of  any  use* 

74*    Taking  next  f  as  a  given  constant;  and  writing  Hbm  ^ttort^tooi  JA  Iho  fbmi 

then  multiplying  by  a(a'  +  ^,  &c,  and  addix^;[  and  again  multiplying  by  a,  &a  and 
adding^  we  have 

Sa'a^'Ca^  +  f)^^!, 

or  writing  these  equations  at  full  length, 

aV         jy         i?s^ 

which  equations,  consid^riog  tlKefem  f  as  4  ^d&njitaM,  sRre  \hh  'eqtUi/tions  of  any  concomitant 
centro-curve:  sitice  the  equations  are  eaoh  of  the  second  order  it  thus  appears  that  the 
concomitant  centro-curves  are  quadri-qnadrics. 
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75.  If  from  the  two  equations  we  eliminate  ^,  we  have  the  equation  of  the  eentro- 
surface;  the  second  equation  is  the  derivative  of  the  first  in  regard  to  ^;  and  it  tlius 
appears  that  the  equation  of  the  centro-si;rface  is  obtai];ied  hj  equating  to  zero  th^  dis- 
criminant in  regard  to  |^  of  the  integralised  function 

or^  what  is  the  same  thing,  the  discriminant  of  the  sextic  function 

76.  If  instead  hereof  we  consider  the  homogeneous  function 

then  the  coeflBcients  are  of  the  second  .  order  in  (ait,  y,  z,  w),  and  the  discriminant,  being 
of  the  tenth  order  in  the  coefficients,  is  of  the  order  20  iii  {x,  y,  z^  w).    But  the  sextic 

function  has  a  twofold  factor  (1  +  ^j    ii  ^^0,  and   it  has   evidently  a  twofold  factor 

if  a^sO  or  ^^9  or  ifwO,  that  is,  the  discriminant  eontaiiis  the  factor  sfi^jfu^;  or, 
omitting  this  &etor,  it  will  be  of  the  order  12  in  (x,  y,  z^  w) ;  whence  writing  u^  =  1,  the 
centro-surface  is  of  the  order  12.  I  have  in  this  manner  actually  obtained  the  equation 
of  the  centro-sur£ftce :  see  the  memoir  ''  On  a  certain  Septic  Torse/'  Canib.  PkU,  Trans,  t  xi. 
(187X),  pp-  607—523. 

Jinother  generation  of  fk^  Centro-^mrface,    Art.  Nos.  77  tp  83. 

77*  By  what  precedes  the  equation  of  th^  centrp-swrf^ce  i«  obtained  as  the  condition 
in  order  that  the  equation 

may  have  two  equal  roots.    But    taking    m    an    arbitrary   constant,    this    is    the    derived 

equation  of 

{SaV(a*  +  f)^  +  f  +  m  =  0, 

and  as  such  it  will  haire  two  equal  coots  if  the  last-mentioned  equation  has  three  equal 
roots;  and  conversely,  we  have  thus  the  equation  of  the  centro^urface  by  expnessing  that 
the  last-mentioned  equation,  or,  what  is  the  same  thing,  the  quartic  equati(» 

has  three  equal  roots.  The  condition  for  this  is  that  the  quadrinvari$tnt  and  the  cubin- 
variant  shall  each  of  them  vanish ;  the  two  invariants  are  respectively  a  quadric  and  a  cubic 
function  of  m\  vie.  the  equations  ace 

(«.  b,  c)  (m,  l)"-0»    («*  V,  o\  d')im,  l)-  =  0; 
where  the  degrees  in  («,  y,  z)  of  a,  ft,  c  are  0,  2,  4  and  those  of  a',  b\  c\  d'  are  0,  2,  4,  6 
respectively:  the  equation  of  the  centro-surface  then  is 


a,  \  G 

«,  b\  c\  i' 
a!y  Vy  c',  d' 


=  0, 
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which  is  of  the  right  order  12;  but  it  would  be  difficult  to  obtain  thereby  the  developed 
equation. 

78.  For  the  nodal  curve  the  cubic  equation  must  be  satisfied  by  each  root  of'  the 
quadric  equation,  or,  what  is  the  same  thing,  the  quadric  function  must  completely  divide 
the  cubic  function;  the  conditions  are 

-0, 


a> 

b. 

0 

a, 

h, 

c. 

a'. 

V, 

c\ 

d'  1 

whei-e  the  d^ees  may  be  taken  to  be 

-2,0,  2.  4 

0,  2,  4,  6 

0,  2,  4,  6 
and  the  order  of  the  nodal  curre  is  thus  s  24 :  two  of  the  equations  in  &ct  are 

a, 


a,  6     "0,  0,  e 

Of  0,  c  a,  c, 

«,  y,  if  a,  c\  d' 


which  are  surfaces  of  the  orders  4,  6 ;  or  the  nodal  curve  is  a  complete  intersection  4x6. 
By  the  results  above  obtained  as  to  the  nodal  curve,  it  appears  that  the  two  surfaces 
must  have  an  ordinary  contact  at  each  of  the  16  umbilicar  centres,  and  a  stationary  or 
singular  contact  at  each  of  the  48  outcrops. 


79.    The  derivation  of  the  centro-sur£eu)e  from  the  surface 


a"  +  f^6-  +  f^c-+f 


+f-m=0 


requires  to  be  further  explained.  The  sur&ce,  say  F^^O,  is  a  quadric  surface  depending 
on  the  two  parameters  {,  m;  the  axes  coincide  in  direction  with  those  of  the  ellipsoid, 
and  their  relative  magnitudes  are  as 

viz.  these  are  as  the  axes  of  the  confocal  surface 


-1  =  0 


a'+rb'  +  S     <^+S 

divided  by  a,  b,  e  respectively;  to  fix  the  absolute  magnitudes  observe  that  the  equation 
may  be  written 

viz.  the  surface  F=sO  is  a  surface  through  the  spheroconic  which  is  the  intersection  of 
the  confocal  surface  by  the  arbitrary  sphere  aj*  +  y'  +  -e*-«i»0;  but^  while  the  surfiice  is 
hereby  and  by  the  preceding  condition  as  to  the  axes  completely  determined,  the  geo- 
metrical significance  is  anything  but  clear. 
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80.  Considering  then  the  quadric  surface  F=0,  depending  on  the  parameters  f,  m] 
suppose  that  m  remains  constant  while  f  alone  varies;  we  have  thus  three  consecutive 
surfaces  V=0,  F'«0,  F"  =  0;  and  these  I  say  intersect  in  a  point  of  the  centro-surface ; 
the  point  in  question  will  depend  on  the  two  parameters  (f,  m),  and  if  these  vary  simul- 
taneously we  have  the  whole  system  of  points  on  the  centro-surface;  but  if  only  one  of 
them  varies,  the  other  being  constant,  we  have  a  curve  on  the  centro-surface. 

The  three  equations  may  be  replaced  by  7=0,  SfF=0,  S^»F=0;  of  which  the  first 
alone  contains  m;  and  it  thus  appears  that  if  m  be  the  variable  parameter,  the  equations 
of  the  curve  are  S^F^O,  S/F=0,  viz.  the  curve  is  then  the  quadriquadric  curve  which 
is  the  concomitant  centro-curve  of  the  curve  of  curvature  for  the  parameter  f.  But  if  the 
variable  parameter  be  f ,  then  this  is  a  curve  on  the  12-thic  surface  fl  =  0  obtained  by  the 
elimination  of  f  from  the  equations  F=aO,  S^F  =  0;  viz.  we  have  fl  =  /S*  — r*  =  0,  where 
8^  {a,  b,  c)(m,  1)',  T=^{a',  b\  c',  d'){m,  1)\  and  the  curve  in  question  is  the  curve  8-O9 
T  =  0,  which  is  the  cuspidal  curve  on  the  surface  fl  =  0;  the  elimination  of  ,m  from  the 
two  equations  S  —  0,  TssO  gives  as  above  the  equation  of  the  centro-surface. 

81.  The  surface  n  =  5'— r'  =  0  obtained  as  above  by  the  elimination  of  f  from  the 
equations  F=0,  S^V=^0,  (or,  what  is  the  same  thing,  by  equating  to  zero  the  discriminant 
of  F  in  regard  to  ^,)  may  be  termed  the  soci^te-surface :  we  have  then  the  quartic  and 
sextic  surfaces  5  =  0,  7=0  intersecting  in  the  before-mentioned  curve,  which  may  be  called 
the  sociate-edge ;  and  the  locus  of  these  sociate-edges  is  the  centro-surface. 

82.  We  may  if  we  please,  changing  the  parameter  in  one  of  the  ftinctions,  consider 
the  two  series  of  surfaces  8=0,  T=0  depending  on  the  parameters  m,  m'  respectively; 
a  surface  of  the  first  series  will  correspond  to  one  of  the  second  series  when  the  para- 
meters are  equal,  m  =  m'^  and  we  have  then  a  sociate-edge.  Taking  a  point  anywhere  in 
space,  through  this  point  there  pass  two  surfaces  8=0,  and  three  surfaces  T=0',  but 
there  is  no  pair  of  corresponding  surfaces,  or  sociate-edge.  If  however  the  point  be  taken 
anywhere  on  the  centro-surface,  then  there  is  a  pair  of  corresponding  surfaces  8  =  0^  T  =  0; 
that  is,  through  each  point  of  the  centro-surface  there  passes  a  single  sociate-edge;  and  if 
the  point  be  taken  anywhere  on  the  nodal  curve  of  the  centro-surface,  then  there  are  two 
pairs  of  corresponding  surfaces;  that  is,  through  each  point  of  the  nodal  curve  there  are 
two  sociate-edges:  this  explains  the  method  above  made  use  of  for  finding  the  equations 
of  the  nodal  curve,  by  giving  to  the  equations  8=0,  T=0,  considered  as  equations  in  m, 
two  equal  roots. 

88.  The  drposteriori  verification  that  the  surfaces  F=0,  F'ssO,  V"  =  0  intersect  in 
a  point  of  the  centro-surface,  is  not  without  interest;  the  parameters  ^^,  rj^  of  the  point 
of  intersection  are  found  to  be  fi  =  f,  i7j«*n  — a^  — 6*  — c"  — 3f ;  whence  in  the  equation  F=0, 
writing  —  )87aV  =  (a'+fj)'(a*  +  i7j)  and  m  =  a* +  i*  +  c' +  8^^  +  17,,  the  resulting  equation  com 
sidered  as  an  equation  in  f.  should  have  three  roots  ^  =  ^^:  the  fourth  root  is  at  once 
seen  to  be  f  =  i7p  and  we  ought  therefore  to  have  identically 
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-(a»-f)(6»+f)(c"+ft' 
and  by  decomposing  the  right-hand  side  into  its  component  fractions  this  is  at  once  seen 
to  be  trua 

ITbird  generation  of  the  Centro-mr/ace.    Art.  Nos.  84  and  85. 

84.  Instead  of  the  foregoing  equation  V'=^  0,  consider  the  equation 

^    /  a  V  ^  by  ^  c  V  ^  g\     /  a  V  ^  by  _^  c  V   ^   \     . 

The  equations  (?^Tr=0,  (?/TF=0  contain  only  f,  and  are  in  fact  identically  the  same  as' 
the  equations  d  F=0,  rff*F=0;  the  elimination  of  f  from  the  equations  d^V^O,  d^W^^O 
would  therefore  lead  to  .  the  equation  of  the  centroHSurface :  and  the  centro-surface  is 
connected  with  the  surfaces  PF=0,  SfTr=0,  d^W^O  and  the  parameters  f,  iy  in  the 
same  way  as  it  is  with  the  surfaces  F=0,  dfF=0,  rf/F=0  and  the  parameters  f,  w. 
That  is,  if  from  the  equations  ir=0,  d^W^O  we  eliminate  f  we  have  a  surface  fi  =  0 
(depending  upon  17)  and  having  a  cuspidal  curve;  and  the  locus  of  the  cuspidal  curve 
(as  17  varies)  is  the  centro-surface.  But  the  equation  Tr=0  divides  by  f  — 17,  and  throwing 
out  this  factor  it  becomes 

gV  ,  by  ,  (?z* 

(a«  +  f)(a«  +  i7)  +  (i'  +  f)(y  +  i7)"*"(c-  +  f)(cHi7)""    ^^' 
so  that  the  surface  £1=0  is  obtained  by  eliminating  f  from  this  equation  and  the  derived 
equation  in  regard  to  {;  or,  what  is  the  same  thing,  by  equating  to  zero  the  discriminant 
in  regard  to  f  of  the  cubic  function 

(a*  +  f)(y  +  f)(c«+f)-2^(i«+f)(c*+f); 

this  surface  is  in  fact  the  torse  generated  by  the  normals  at  the  several  points  of  the 
curve  of  curvature  belonging  to  the  parameter  17;  the  cuspidal  curve  is  the  edge  of 
regression  of  this  torse,  that  is,  it  is  the  sequential  centro-curve  of  the  curve  of  curvature; 
and  we  thus  fSedl  back  upon  the  original  investigation  for  the  centro-surface. 

85.  In  verification  I  remark  that  if  X,  F,  Z  be  the  coordinates  of  a  point  on  the 
curve  of  curvature  in  question,  and  (sc,  y,  z)  current  coordinates,  then  the  tangent  plane 
of  the  torse,  or  plane  through  the  normal  and  the  tangent  of  the  curve  of  curvature, 
has  for  its  equation 

a-  +  i7^6'  +  ^^o»  +  i7  ' 

and  if  in  this  equation  we  consider  the  point  (X,  F,  Z^  to  be  the  point  belonging  to 
the  parameters  (17,  f),  viz,  if  we  have  — /87X'«a'(a'+f)  (a*+i7),  &c.,  then  this  plane 
will  be  always  touched  by  the  before*mentioned  ellipsoid, 

gV  ^V        .,  <^^  1 
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the  condition  for  the  contact  in  &ct  is 

viz.  substituting  for  (X,  Y,  Z)  their  values,  this  is 

which   is  true.    And    this   being    so    the   eUipsoid    and    the    plane    have  each  the  same 
wvelope,  Ti&  this  is  the  torse  in  qnestion. 

Reciprocal  Bwrfaoe.    Art  No.  86. 
86.    The  centro-sur£Bu;e  is  the  envelope  of 

hence  the  reciprocal   surface   in    regard    to   the   sphere  a^  +  y*+«*-Jfcf  »0,    is    the  enve- 
lope of 

that  is 

viz.  the  envelope  is 

or,  expanding  and  multiplying  by  a'JV,  this  is 

or,  what  is  the  same  thing, 
which  may  be  writteu 

aT»z»+b"z*jr+c?x«3^+rx*+g^r*-hh'ir"-o, 

where  (a,  b,  c,  f,  g,  h)  ■=  [aay  8^9,  07,  2i*ic,  2**ca,  2A;'aJ), 

and  consequently,  af  +  bg  +  ch  =  2A;*aJc  (a  +  /S  +  7)  =  0. 

It  would  doubtless  be  interesting  to  discuss  this  surface  as  it  here  presents  itself, 
and  with  reference  to  its  geometrical  signification  as  the  locus  of  the  pole,  in  regard  to 
the  sphere,  of  the  plane  through  two  intersecting  consecutive  normals  of  the  ellipsoid: 
but  I  abstain  from  any  consideration  of  the  question. 
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Delineation  of  the  centro-sur/ace  for  given  numerical  values  of  the  semiaxee.     Art  Nos.  87 

and  88. 

87.    I  constructed  on  a  large  scale  a  drawing  of  the  centro-surface  for  the  values 

a«  =  60,   J"  =  25,   c*«16. 

(These  were  chosen  so  that  a,  b,  c  should  have  approximately  the  integer  values  7>  5,  4, 
and  that  a'  +  c*  should  be  well  greater  than  26*;  they  give  a  good  form  of  surface,  though 
perhaps  a  better  selection  might  have  been  made;  there  ia  a  slight  objection  to  the 
existence  of  the  relation  a'  =  2&',  as  in  the  a^-section  it  brings  a  cusp  of  the  evolute  on 
the  ellipse).    We  have  therefore 

a«10,  /8=-35,  7  =  25; 
the  ellipses  in  the  principal  planes  of  the  centro-surface  are 

(5)»  +  (8-937)'      ' 


(2.582)"'^  (3-535)«" 

(4-950)"^      (2)"         ' 

and  these  determine  on  each  axis  the  two  points  which  are  the  cusps  of  the  evolutes. 
We  have  moreover  for  the  umbilicar  centre  »  =  2*988,  y«0,  «s=  1*380,  and  for  the  outcrop 
a:  =  1127,  y«  1-947,  «=:0. 

88.  For  the  delineation  of  the  nodal  curve  (crunodal  portion)  we  have  first  to  find  the 
values  of  f,  f^;  these  are  given  in  terms  of  x,  y  amJte  No.  33,  where  y  is  a  given  function 
of  X,  and  x  extends  between  the  values  {  —  6*  and  —  J(^*  +  ^*  +  ^}  ""25  and  —  26f.  It 
was  thought  sufficient  to  divide  the  interval  into  6  equal  parts,  that  is,  the  values  of  x 
were  taken  to  be  —26,  —  25-3,  •..  —  26*6.  The  values  of  f,  fj  being  found,  those  of  17,  17, 
were  obtained  firom  them  by  means  of  the  original  equations  (a*+f)*(a*+i7)=(a'+fi)(a'+i7)  &c. 
viz.  we  have  thus  for  the  determination  of  17,  n^  three  simple  equations,  affording  a 
verification  of  each  other. 

For  the  performance  of  these  calculations  (viz.  of  the  values  of  y,  f,  f,,  17,  17^)  I 
am  indebted  to  the  kindness  of  Mr  J,  W.  L.  Qlaisher,  of  Trinity  College.  The 
results  being  obtained  it  is  then  easy  to  calculate  as  well  the  co-ordinates  (re,  y,  z)  of 
the  point  on  the  nodal  curve  as  also  the  co-ordinates  (X,  F,  Z)  and  (Xj,  F„  Z^  of 
the  corresponding  two  points  on  the  ellipsoid  (these  last  are  of  course  not  required  for 
the  delineation  of  the  nodal  curve,  but  it  was  interesting  to  obtain  them).  The  whole  series 
of  the  results  is  given  in  the  annexed  Table,  and  from  them  the  drawing  was  constructed. 
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I  find  also  in  the  neighbourhood  of  the  umbilicar  centre  (if  { »  —  25  +  q)t 

&r=      02868  2», 

Be  -     -02191  g*. 
and  in  the  neighbourhood  of  the  outcrop  if  fj»  — 38*333+^  v, 

&»-  1127 «, 
Sy  «- 1-704  «r, 
&  «  ±  4-582  «». 

y       f        f.         17       i».       a»     y    «    X    y    z    X,    r.    Z, 


-26 

0- 

-26- 

-26- 

-26- 

-26- 

'2-988 

0- 

1-880 

5-826 

0- 

2-070 

5-826 

0- 

2-070 

-Mi 

4*3669 

-21-0664 

-29-6002 

-88-8198 

- 16-6728 

2-548 

0-860 

0-996 

4-894 

2-289 

2-491 

6-288 

1-957 

1-028 

-266 

6*8191 

-19-8476 

-81-9868 

-42-9911 

-15-4698 

2-148 

0-721 

0-662 

8-504 

8-189 

2-288 

5-956 

2-580 

0-584 

«2e- 

8-1240 

- 17-8760 

-84-1240 

-46-7879 

-15-1047 

1-786 

1-175 

0-878 

2-780 

8-847 

1-948 

5-626 

8-005 

0-298 

-36-8 

9-8760 

-16-4678 

-86-2094 

-47-6684 

-15-0106 

1-448 

1-500 

0-189 

2-159 

4-891 

1-426 

5-251 

8.846 

0-098 

-26-6 

11-6667 

-15-0000 

-88-8888 

-48-7087 

-16-0000 

1-127 

1-947 

0- 

1-610 

4-869 

0- 

4-829 

8-651 

0- 

The  calculations  were  performed  before  I  had  obtained  the  formulae  in  a,  which  would 
have  given  the  results  more  easily. 
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V.    On  Dr.  Wiener's  Model  of  a  cubic  surface  with  27  reed  lines;  and  on  the 
construction  of  a  double-sixer.    By  Prof.  Catlet. 


[Read  Ma^f  15,  1871.] 


I  CALL  to  mind  that  a  cubic  surface  bas  upon  it  in  general  27  tines  which  may  be 
all  of  them  real.  We  may  out  of  the  S7  Uoes  (and  that  in  S6  different  ways)  select 
12  lines  forming  a  *^  double^sixer,"  viz.  denoting  such  a  system  of  lines  by 

aj,  029  Oa,  049  a»9  O^y 

bi9  fc,»  i*>  fcif  6m  6«; 

then  no  two  lines  a  meet  each  other,  nor  any  two  lines  6,  but  each  line  a  meets  each  line  6, 
except  that  the  two  lines  of  a  pair  (a^  &i),  (Osy  bi)^  •••  (ag,  &e)  ^o  not  meet  each  other.  And 
such  a  system  of  twelve  lines  leads  at  once  to  the  remaining  fifteen  lines ;  viz.  we  have  a  line 
Cis,  the  intersection  of  the  planes  which  contain  the  pairs  of  lines  (ai,  &,)  and  (a,,  61)  respec- 
tively. 

The  model  is  formed  of  plaster,  and  is  contained  within  a  cube,  the  edge  of  which  is 
XB  18*2  inches:  the  lines  a,  6,  c  are  colored  blue,  yellow,  and  red  respectively;  the  lines 
ait  b^t  6b  being  at  right  angles  to  each  other,  in  such  wise  that  taking  the  origin  at  the 
centre  of  the  cube,  the  axes  parallel  to  the  edges,  and  the  unit  of  length  »  1*6  inches, 
the  equations  of  these  three  lines  are 


«1. 

*-0,  y- 

0. 

b„ 

«-0,  gm 

1, 

6m 

y-0,    Km 

- 1. 

The  model  is  a  solid  figure  bounded  by  portions  of  the  faces  of  the  cube,  and  by  a 
portion  of  the  cubic  surface,  being  a  surface  with  three  apertures,  the  collocation  of  which 
is  not  easily  explained. 

To  determine  the  construction  I  measured  on  the  faces  of  the  cube,  the  coordinates  of 
the  two  extremities  of  each  of  the  twelve  lines ;  these  were  measured  in  tenths  of  an  inch 
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(taking  account  of  the  half  division*  or  twentieth  of  an  inch),  and  the  resulting  numbers 
divided  by  l6  to  reduce  them  to  the  before-mentioned  unit  of  1*6  inches.  These  reduced 
values  are  shewn  in  the  table :  knowing  then  the  coordinates  of  two  points  on  each  line, 
the  equations  of  the  several  lines  became  calculable;  the  true  theoretical  form  of  these 
results — (viz.  the  form  which,  but  for  errors  of  the  model,  or  of  the  measurement,  they  would 
have  assumed)— *is 


6., 


a/^BiZ  +  D,         y  -  J?,'«  +  I/, 
*  -  0,  »  -  1, 


a„  «.0,  y-0, 

Om  a-J^+0„  y  «  J/  (z  -  1), 

<h.  JtmJi(z+  1),  y  .  A^'  («  -  1), 

o*.  *  -  J«  («  +  1),  y  -  J/  (z  -  1), 

a„  «-^»(»  +  l),  y-^'^+C,', 

o,,  «-il,(«  +  l),  y-J,'(*-i); 

but  in  consequeoce  of  such  errors,  the  results  are  not  accurately  of  the  form  in  question. 
The  faces  of  the  cube  being  as  in  the  diagram 


^^ 


the  Table  is 
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Eqaations  calcoUted  from 

the  meMuremente  of  Uie 

model. 

Xm^5'6SS 

EFGH 

«-> +5-688 

AEBF 

ym^5'6%8 

BCFG 

af«- 5-688 

CDGH 

y- -5-688 

AEDH 

0?-+ 5,688 

ar«0 

y-0 

«i 

a;»0 
y-0 

amO 
y-0 

ar  B  -  ^SO*  -  -187 
y  -  -  •428«  +  -406 

«s 

ore  4-250 
y  =  2-812 

^1 -4-625 
y--2000 

0^  »  -  '654»z  -  '656 
y  -  -  -588*  +  -581 

«8 

a? -8-062 
y- 8-875 

ir« -4-875 
y- -2-812 

. 

^«  -2-912«- 2-959 
y  -  -  '7S6x  +    -752 

«4 

y  « -0625 
;if«-9375 

y-    2-987 
8 « -2969 

am      l-024«+ 1-014 
y«  -i'049)P-    '277 

«5 

^--4-812 
y»     5*688 

- 

y- -5-063 
«-     4-562 

w  -      -2642;  +  -187 
y  «  -  •104iif  +  -219 

«6 

6i 

a?--l-S18 
y«-8l25 

am    1-687 
y---875 

ar-  -  V6Ux  +  '151 
y  «  -  l-488«f  +  -288 

y  -    5-500 
«« -3-625 

y« -4-656 
% «     S-437 

^-0 
zm  -  1 

&2 

a?  =  0 

«--l 

.v-0 
flr--l 

.r  »  -  1-852*  -  -685 
y  -  -  2-034»  -  -984 

ft. 

0?-     3-750 
jg-- 3-281 

^--3-812 
-?-      2-313 

cV  «  -  -75S«  -  -0815 
y  «  -  -500;*  -  -0815 

^»  4*250 
y-2'812 

^«H -4-318 
y«.- 2-875 

y-0 

*-  +  l 

&5 

y-0 

««1 

y-0 
««i 

Ofm       1-128* --702 
y-  -ri2S«  +  702 

&6 

a?-  -5-688 
-?»- 4-438 

y- -5-688 
2r-     5-688 

I  hence  calculate  the  intersections :  considering  any  two  h'nes  which  ought  to  intersect, 
then  projecting  on  the  horizontal  plane  and  calculating  m,  y  the  coordinates  of  the  point  of 
intersection  of  the  two  projections,  these  values  of  a^  y  substituted  in  the  equations  should  give 
the  same  value  oiz\  but  if  the  lines  do  not  accurately  intersect,  then  the  values  of  s  will  be 
different. 
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6. 


« 

0 

0 

-  1     ^ 

0 
0 
-•495  ±-011 

0 
0 
- -052^-010 

0 

0 

+  1 

0 

0 

+  •625 

-•077 
+  •455 
-•129t*01S 

• 

+  •381 
+  •771 
-•796  ±-067 

+  4-292 
+  2-803 
-5-704  ±-036 

-•967 

-•OO8«p*O08 
+  1 

--398 
+  •227 
+  •346  ±-076 

-•423 
^'699 
-•264  ±'021 

- '001  T '001 
+  1-119 
-1 

• 

-4-782 
-3-227 
+  6*350  ±-042 

-1-310 

-  028  T '028 

+  1 

-•673 
+  •344 
+  -162±^146 

-•957 
+  1-238 
-•674  ±"014 

-•02S«f02S 
+  r488 
-1 

+  1-286 
+ 1-736 
-1'398±^060 

« 

-5-871 

+  •008  ±-008 

+  1 

-r3S0 
+  •847 
-•344  ±-215 

+  2-519 
-1-801 
+ 1-462  ±008 

- -005  T '005 

+  •772 
-1 

+  •282 
+  •476 
-•71 7  ±'001 

+  •412 
+  •194 
- -518  ± -070 

« 

+  18-764 
-  14-155 
+  15-282  ±4-052 

+  •194 
+  •214 
+  •040  ±'022 

-  "038  T -038 
+  •323 

-1 

+  •045 
+  •288 
--582  ±-042 

-•131 
+  •284 
--423  ±-208 

+  •451 

+  •057  ±057 

+  1 

« 

Starting  from  the  assumed  equations  of  6„  b^,  b^,  ftj,  6^,  a,,  and  calculating  by  the  theory 
the  remaining  lines,  the  equations  of  the  b  lines  (those  of  b^  being  calculated)  are 

6i,  4?  »      1*321  X  -  '310, 

y  -  -  V295  z  +  ^581, 

62,  JT  =  0,  »  -  -  1, 

63,  4?  »  -  V35S  {«  +  •510), 
y  -  -  2^034  («  +  •510), 

6^,  «  «  -  -753  {z  +  -052), 

y  -  -  -500  («  +  •052), 
65^  y  =  0,  ar-  +  1, 

ftfif  «  -       1'123  {«  -  -624). 

y=-ri23(»-  -624); 

and  the  equations  of  the  a-lines  (those  of  all  but  a^  being  calculated)  are 


ar  «  0,  y  «  0, 
ar-  -•753*  --091, 
y-~'498(«-l), 
xm  -  •609(af  +  1), 
y«.  -.•677(*-l), 
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*  -  -  «*506  (z  +  l), 
y--    -8*1  (*-l), 

«  -        -874  («  +  1), 
y  -  -  '967  *  -  •288, 

«-     '170  («  +  l), 
y---07l(«-l); 
the  pcunts  of  intersection  the  coordinates  ate 

bt  b,  6« 


o„ 


b. 


h. 


* 

0 

0 

-  1 

0 

0 

-•510 

0 

0 

-  '052 

0 

0 

+  1 

0 

0 

+  •624 

—  •170 
+  •446 
+  •105 

* 

+  •662 
+  •996 
-1 

+  197-) 
-  262-J 

-•844 

0 
+  1 

+  •336 
+  •325 

-  ^515 
+  •782 
-•155 

0 
+  1*S54 
-  1 

« 

-  1^805 
-2-007 
+  8-964 

-  1^218 
0 

+  1 

-•641 
-•641 
+  •053 

-1-071 
+  1-S2S 
-     -573 

0 
+  1^682 
-1 

+  r4S8 
+  2-164 
-  V574 

« 

-  5-012 

0 
+  1 

-  1-259 
+  1-259 

-  -497 

+  8-189 
-2-849 
+  2-649 

0 
+  •679 
-1 

+  •259 
+  •291 
-•702 

+  •883 
+  •255 
-•561 

* 

+  6-410 
-  6-410 
+  6-333 

+  •241 
+  •041 
+  •417 

0 
+  •142 

-1 

-•074 
+  •112 
-  *565 

+  •131 
+  •087 
-•22ft 

+  •340 

0 
+  1 

* 

11. 

I  have  in  a  paper  "On  the  double-sixers  of  a  cubic  surface,"'  Quart.  Math.  Journal^ 
t.  X.  (1868),  pp.  58-71,  obtained  analytical  expressions  for  the  twelve  lines  of  a  double-sixer, 
and  also  calculated  numerical  values,  which  however  (as  there  remarked)  did  not  come 
out  convenient  ones  for  the  construction  of  a  figure.  A  different  mode  of  treatment  since 
occurred  to  me,  by  means  of  the  following  equation  of  the  cubic  surface 
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which   as  will  appear  is  a  very  convenient  one  for  the  purpose ;  we  in  fact  obtain  at  once 
eight  lines  of  the  double-sixer ;  viz.  these  are 


8.     ymOj  Z'^O^ 

my  z     w 

5.  -  -  I  .  0,    -  -  y  -  0, 
a      p  yd 

^       »       y  z       w 

6.  -7  -  :!>  -  0,    ->  -  5?  -  0, 
7       o 


2^     w^Of  y  M»  0, 
4,\     jv  M  0,  10  »  0, 


,      a      w  y       K 


a     fv 


a       ^ 
and  also  five  lines  not  belonging  to  the  double-sixer,  viz 

12 


^        a^        w  y         « 

ff.     -  -  7  -  0,^  -  -  -  0, 
a     o  p     y 


(m      z      fo\    1       ,  fa      z      to\     I 
-+  -7-5J *(-  +  -  -y    -^,-0, 
a       y       o  /  ay  \a      y      o  J  ay 

(m       y       w\    I  (w      y      iv\     1 

fay       z\    I       .  fw      y      z\     I 
\a      p       y  I  ay  \a      p      yl  ay 


41.  w 


56. 


tt      y      z      w  a       y       z      iff 


The  remaining  lines  of  the  double-sixer  are  then  easily  determined ;  viz.  the  lines  3,  5,  6, 
and  12  are  met  by  the  line  S^  and  by  a  second  line  l' ;  this,  as  a  line  meeting  3,  5,  6,  will 
be  given  by  equations  of  the  form 


and  observing  that  these  equations,  writing  therein  x»0,  give 
z      ta  a  z      to  a' 

7 


y'  S  ~*'^^'     -'"S' 


l^s:<t> 


y> 


4he  condition  of  intersection  witb  the  line  IS  gives 

a  —ha 


0-- 


which  is  the  value  of  <p  in  the  foregoing  equations :  and  to  these  we  may  join  the  resulting 
equation 

yyy'  (a/3'  -  a'p)  -  51^)8^  (75^  -  y'S). 

47—2 
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Proceeding  in  like  manner  for  the  lines  &',  S,  4,  the  equations  for  the  remaining  four  lines 
of  the  double-sixer  are 


0, 


i'-ka 


wyy  {aS  -  aS)  -  ZipSSf  (fiy  -  j8  7). 


5' 


1'. 

^  = 

a'-ka 

^-kr 

w  - 

a' 

'^(4-")' 

w  - 

a 

.0(«--«,), 

yyy'(a(i'^ 

afi)' 

.  z<pfi^  (7^  -  7'5). 

8\ 

<p. 

^{4- 

-,). 

'Z-^\, 

^{4- 

-,). 

.«-«,|. 

mpi^  (a/3'  - 

-a'/3) 

=»  W  aa'  (73*  -  y'h). 

jl-ky 

wq>fili\a^  -  a'^  -  yaa'  087'  -  /3'7). 

It  may  be  added  that 
In  plane  w  ^  0, 

intersection  of  l'  lies  on  line  «  :  w  -  («/?'  -  a'/3)  77  :  ayp!^  -  aV/M, 
2  3»  y  :  2?  -  a7i3'^  -  aVi35  :  (aS'  -  a'5)  77', 

and  that  line  joining  these  intersections  is  line  12. 

In  plane  y  «  0, 

intersection  of  2  lies  on  line  w  :w^  ayfi'S^  -  07'^  ;  -  ({iy'  -  ^'^)  5^ 

and  that  line  joining  these  intersections  is  line  23. 

In  plane  2;  b  o, 

intersection  of  8'  lies  on  line  « :  y  «  (75^  -  V^^  aa' :  a7j3'5'  -  a'yfiS, 

*  "  ^- w -OSy  ^i87)«a':o7/3'^-aV/35, 

and  that  line  joining  these  intersections  is  line  34. 

And  in  plane  u;  —  0, 

intersection  of  4  is  on  line  y : «  «  (a^'  -  a'S)  /3/3' :  a7i3'^  -  a'y'fiS, 

1'     »»  « :  y  -  a7/3T  -  aVi85 :  (75^  -  7'^)  fi^ 

and  that  line  joining  these  intersections  is  line  14. 
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The  equations  of  the  remaining  ten  lines  of  the  surface  may  be  obtained  without  difficulty, 
and  also  the  forty-five  triple  planes,  but  I  do  not  stop  to  effSect  this;  the  planes  w^  0,  ys=o, 
zmO,w^O,  are,  it  is  clear,  triple  planes,  containing  the  lines  1,  2\  12;  2\  3y  28;  S,  4",  34; 
and  4',  1,  41  respectively. 

If;  to  fix  the  ideas,  the  planes  afmO,ymO,z  «0,  wm  o  are  taken  to  be  those  of  the  tetrahe- 
dron  ABCD  {w  a  BCD  &c.,  as  usual),  then  the  edges  AB^  BC^  CD^  DA  (but  not  the  remain- 
ing opposite  edges  AC^  BD)  will  be  lines  on  the  surface.  Each  plane  of  the  tetrahedron,  for 
instance  ABC  {w  »  0),  is  met  by  the  ten  lines  not  contained  therein  in  two  vertices  Ay  C, 
three  points  on  the  edge  BA^  three  points  on  the  edge  BCy  and  two  other  points,  viz.,  these 
are  the  intersections  of  the  plane  ABC  by  the  lines  4  and  l^  For  the  construction  of  a  model 
it  is  sufficient  to  determine  the  three  points  on  each  edge,  and  the  two  points  say  in  the  plane 
ABCi  and  in  the  plane  DBO  {so  a  0)  respectively,  for  then  each  of  the  remaining  eight  lines  will 
be  determined  as  a  line  joining  two  points  in  these  two  planes  respectively.  If  in  the  first 
instance  k  is  considered  as  a  variable  parameter,  then  the  two  points  in  the  plane  10  «  0  are 
given  as  the  intersections  of  two  fixed  lines  by  a  variable  line  (l4)  rotating  round  the  fixed 

point — ^  +  -  "0, ^  +  -  "0;  and  the  like  as  regards  the  two  points  in  the  plane  07  a  0. 

a     p     y  a     iS     7 

By  making  with  assumed  values  of  the  other  parameters  the  proper  drawings  for  the  two 
planes  w  ^0,  x^O^  it  is  easy  to  fix  upon  a  convenient  value  of  the  parameter  k ;  and 
I  have  in  this  manner  succeeded  in  making  a  string  model  of  the  double-sixer;  viz.,  the 
coordinates  «,  y,  z,  to  were  taken  to  be  as  the  perpendicular  distances  of  the  current  point 
from  the  faces  of  a  regular  tetrahedron  (the  coordinates  being  positive  for  an  interior  point); 
the  values  of  a,  )3,  7,  S  were  put  «  S,  4,  5,  6  and  those  of  a\  /y,  7',  i'  -  1,  1,  1,  1 ;  the  value 
of  k  fixed  upon  as  above  was  i  a  —  ^;  this  however  brings  the  lines  2  and  4  too  close  together 
(viz.,  the  shortest  distance  between  them  is  not  great  enough),  and  also  their  apparent  inter- 
section too  close  to  their  intersections  with  the  line  6^;  and  it  is  probable  that  a  slightly 
diflerent  value  of  ib  would  be  better. 
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The  results  just  obtained  may  be  exhibited  in  a  compendiow  form  as  follows: 


X 

■  y 

:« 

iW 

1  is  line  BG 

0 

0 

2'     „     CD 

0 

0 

3      „     DA 

0 

0 

4'     „     AB 

0 

0 

5  meets  CD 
>,      AB 

a 

iS 

y 

8 

6    „      CD 

..      AB 

o' 

^ 

y 

8' 

6'  „      BG 
„      AD 

a 

P 

y 

8 

5'    „      BG 
„      AD 

a' 

ff 

i 

8' 

V  „      AD 
„      BCD 
„      ABC 

a'-ka 
(«'-*«)(«y)8'8'-«V/38) 

-(a'-*a)(y8'-y8)j8)8' 
(a'-ka){yS'-yi)fipr 

(8'-A8)(«.^-a'/3)yy' 

-{y-kS){ap-a'p)rr' 

8'-AS 
(8'-*8)(«y/J'S'-«V^) 

y  „     BG 
„      ACD 
„      ABD 

-r-^if--,^ 

(pf-k^ayPSr-a'y'^ 

(/-*yX«y>^-«Y^8) 

(y-kyHa^-a'^SS 

2    „      AB 
„      BCD 
„      ACD 

a'-ka 
(«'-*«)(«yj8'8'-aV/3S) 

ff  —  JcR 
03'-*i8)(«y^8r-ay^8) 

(/3'-*/5)(«8'-«'8)yy' 
-03'-*/§)(«8'-a'8)yy' 

(a'-*a)(/3y'-/3V)88' 
-(a'-*a)(^/-)8V)88' 

4    „      CD 

„      ABD 
„      ABC 

-(i'-Bm-^yW 
{Sr.i&)(fiy'-^y)aa' 

-(y-*y)(a8'-a'8)i3/3' 

y-*y 

(y-ky){ayPB'-a'ypSi 

(8'-A8)(ay)3'8'-aV^ 

2and3'    ..     a/?4      „        (-,      .  +-,- g,)- -*(-      .+--^j-^  =  0. 
3' and  4     „     DAB      „        (J-^      .-^)^j-*(?-|      .-|)^^  =  0, 

4andl'    „     ABG      „        f^-S+-,      ')--t(--^fi+ '     •)^'  =  0, 
"  \t^     fir     y         /ay        \o      j8     y         /oy 

or  calculating  the  numerical  values  from  the  foregoing  assumed  data, 
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X 

:y 

:  Z 

:to 

say 
Z  -  45-5,  to  -  54-5. 

»-42-9,   y-57-1. 

ir  «  50,       to  «  50. 
iV  n  50,       y  -  50. 

y-44'4,  Z'^55'6. 
w  m  SS'S,  w  m  66-7. 

y  «  50,       Zm  50. 
a^  50,     to  -  50. 

a;  -  44,      Z'm56. 

y  «-25*l,  z  B  39*9f  to  =  71 '8. 

Not  required. 

y  -  48,       «  «  52. 

Not  required. 

«-47'2,  y  =  141-7,  to- -102-3. 

»  «  47-8,  y  ->  52-2. 

y  ->  26-4,  ;p  -  44,  to  -  16*2. 

Not  required. 

z  -  48-1,  to  m  5V9. 

w^50'5,  y- 187-6,  to --151-5. 

Not  required. 

1  is  line  BC 
8'     ...     CD 
S      ...     DA 
4'     ...     AB 

0 
0 

0 
0 

0 
0 

0 
0 

S  meets  CD 
...      AB 

3 

4 

5 

6 

6  meets  CD 
...     AB 

1 

1 

1 

1 

&  meets  BC 
...      AD 

3 

4 

5 

6 

5'  meets  BO 
...      -iD 

1 

1 

1 

1 

l'  meets  AD 
...     BCD 
...       ABu 

11 
99 

-44 
44 

70 
-70 

14 
126 

3"  meets  £(7 
...     -4C2) 
...     ABD 

36 

12 
108 

13 
117 

78 
-78 

2  meets  u4.B 
...     BCD 
...     ^CD 

11 
-99 

12 
100 

180 
189 

66 
66 

4  meets   CD 
...     ^flD 
...      ABC 

42      ' 
42 

156 
156 

13 
117 

14 
-126 

l'  and  2  meet  BCD  on  line  85y  -  32^  +  30to  -  0^ 

2  and  3'    ...  CDA    ......    2&v  +  22ir -.  21to  -  0, 

3'  and  4     ...  2>J£    8/v  -    7y  -    6io  -  0, 

4'  and  1     ...  ABC    52«  -  47y  -  44s  -  0, 

which  last  four  equations  serve  as  a  verification. 

The  outside  numerical  values  are  given  in  the  manner  most  convenient  for  the  con- 
struction of  a  drawing;  viz.  when  the  coordinates  refer  to  a  point  on  an  edge  of  the 
tetrahedron,  or  say  on  the  side  of  an  equilateral  triangle,  then  taking  the  length  of 
this  edge  (or  side)  to  be  —  100,  the  numerical  values  are  fixed  so  that  the  sum  of  the  two 
coordinates  may  be  -  100,  and  the  two  co-ordinates  thus  denote  the  distances  from  the 
extremities   of  the  edge  or  side:   but   when    the   three  co-ordinates  belong  to  a  point  in 
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the  face  of  the  tetrahedron,  or  say  in  the  plane  of  an  equilateral  triangle,  then  the  sum 
of  the  coordinates  is  made  « 86*6,  and  the  three  coordinates  thus  denote  the  perpendi- 
cular distances  from  the  sides  of  the  triangle. 

III. 

It  is  possible  to  find  on  a  cubic  curve  a  double-sixer  of  points  1,  2^  3,  4,  5,  6  and 
l',  5t\  S',  4i\  5\  6t  such  that  any  six  points  such  as  1,  2,  S,  4',  5\  6'  lie  in  a  conic.  In  fact  con- 
sidering a  cubic  surface  having  upon  it  the  double-sixer  of  lines  1,2,3,4,5,6  and  l',  2\  s\  4i\  5',  ff, 
the  section  by  any  plane  is  a  cubic  curve  meeting  the  lines,  say  in  the  points  1,  2,  8,  4,  5,  6, 
l',  2',  S',  4',  5',  6':  each  of  the  lines  1,  2,  3  meets  each  of  the  lines  4',  5',  6',  and  consequently 
the  six  lines  lie  in  a  quadric  surface:  therefore  the  points  1,  2,  3,  4',  5\  &  lie  in  a  conic: 
and  so  in  the  other  cases ;  the  number  of  the  conies  is  of  course  a  60, 

The  cubic  curve  may  be  a  given  curve,  and  six  of  the  points  upon  it  (not  being  points  on 
a  conic)  may  also  be  taken  to  be  given;  for  instance  the  points  1,  2,  3,  l'  4',  5'.  For  take 
through  the  points  2,  3  respectively  any  two  lines  1,  2;  through  l',  4',  5'  respectively  the  lines 
1',  4',  b'  each  meeting  each  of  the  lines  2,  3:  and  through  1  a  line  meeting  each  of  the  lines 
4',  5'.  It  is  easy  to  see  that  a  cubic  surface  may  be  drawn  through  the  cubic  curve  and  the 
lines  1,  2,  3,  1^  4',  s!:  for  the  passage  through  the  cubic  curve  is  9  conditions;  the  surface 
then  passes  through  the  point  2  and  to  make  it  pass  through  the  line  2  is  3  conditions;  simi- 
larly the  surface  passes  through  the  point  3,  and  to  make  it  pass  through  the  line  3  is  3 
conditions.  The  surface  now  passes  through  l'  and  through  the  points  of  intersection  of  the 
line  1'  with  the  lines  2,  3:  to  make  it  pass  through  the  line  l'  is  1  condition;  similarly  to  make 
it  pass  through  the  lines  4',  5\  1  is  in  each  case  1  condition;  or  there  are  in  all  19  conditions, 
so  that  the  cubic  surface  is  completely  determined.  Take  now  through  the  points  1,  2, 3, 4',  5', 
a  conic  meeting  the  cubic  in  the  point  &i  then  through  the  lines  1,  2,  3,  4',  5'  we  have  a  quadric 
surface  passing  through  this  conic,  and  therefore  through  &i  hence  through  &  we  may  draw 
a  line  6^  meeting  each  of  the  lines  i,  2,  3;  and  since  the  cubic  surface  passes  through  the  point 
6'  and  also  through  the  intersections  of  the  line  6"  with  the  lines  1,  2,  3,  it  passes  through  the 
line  6".  We  complete  in  this  manner  by  constructions  in  the  plane  of  the  cubic  the  system  of 
the  twelve  points,  viz.,  each  new  point  is  given  as  the  intersection  of  the  cubic  curve  by  a 
conic  drawn  through  five  points  of  the  cubic  curve;  and  it  is  then  shown  as  for  the  point  6" 
and  the  line  6"  through  it,  that  through  each  new  point  there  can  be  drawn  a  line  denoted  by 
the  same  number  and  meeting  each  of  the  lines  which  it  ought  to  meet,  and  hence  lying  on  the 
cubic  surface:  the  twelve  points  are  thus  the  intersections  of  the  plane  of  the  cubic  curve  by 
the  twelve  lines  of  the  double-sixer;  and  it  follows  that  the  six  points  which  ought  to  lie  in  a 
conic  (in  every  case  where  such  conic  has  not  been  used  in  the  plane  construction)  do  actually 
lie  in  a  conic. 

I  was  anxious  to  construct  such  a  double-sixer  of  pounds  on  a  cubic  curve;  for  this 

purpose  I  take  the  equation  of  the  curve  to  be  y^  «  ( 1  — j    ( 1  "  t  )   ( 1 ) »    or    say   for 

shortness  y^  «  X\  where,  to  fix  the  ideas,  a,  h  are  supposed  to  be  positive,  a  greater  than  &; 
and  c  to  be  negative. 
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The  cubic  curve  is  thus  a  parabola  symmetrical  in  regard  to  the  axis  of  a?,  and  consisting 
of  a  loop  and  infinite  branch;  and  I  take  upon  it  the  points  1,  2,  3,  l',  4',  st  as  shown  in  the 


o 


figure,  viz.,  the  coordinates  of  these  points  are  as  stated  in  the  Table,  where  m  is  the  «  coordi- 
nate,   and   JM  «     \/  M  -.  —  j  M  _  ^  J  M  _  _  j  and  so  in  other  cases,  v/l*  -  8-74165. 


1 

2 
3 


6 
1' 
2' 

3' 

4' 
5' 

6' 


X 


y 


m 

^/m 

6 

v/il- 3-742 

0 

1 

0 

1 

0 

-1 

0 

-  1 

e 

v/e 

2-    't    .1.94. 
1369 

2280     J— 

-(i^5iV.4.-.(» 

<P 

v^ 

75 

-i  +  ^g^.^0.792 

I^Vn..^ 

♦»i 

-VMx 

13 

—  «  4-333 

3 

4     y— 
--\/14«  -1-641 
1^ 

m 

-y/M 

6 

-\/l4-  -8-742 

<r 

V2 

1560(l4-\/l4) 
(31v/i4-5)» 

1-299 

-  +  -676 

T 

V^f 

1560(l4  +  v/l4) 
(31v/l4  +  5)« 

1-887 

-  +  -247 

C 

0 

-  1 

0 

6 

0 

2 

0 

i»i 

Vm, 

13 

—  -  4-333 

3 

-\/l4-  1-641. 

The  numerical  values  belong  to  the  curve  y*«-(l  — )    (l  — )    (1+"')  "od  to  m  s  6. 
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Starting  with  the  points  1,2^  3,  i\  4",  5'  we  have  to  find  the  remaining  points  6",  6,  4,  5, 
2',  S'. 

Point  6"  by  means  of  the  conic  1234^6. 
The  equation  of  the  conic  is 

(jT-  6)  (a?-c) -  6o  y*  +  *  a?y  «  0,   (2,  S,  4',  5), 
and  making  this  pass  through  the  point  1  (o^  —  m,  y  a  \/M)  we  find 

(m  -  6)  (m  -  c)  +  fta  y/M^  0.     (!)• 
Hence  taking  the  coordinates  of  &  to  be  «ij,  \/jlf,  we  have 

(nil  —  6)  (fiij  ^c)-{-ha  \/'M^  =  0,     (6^), 
and  thence 

y/M  ""  (m  -6)  (m  -c)  "  -ST (Wi-o) * 
that  is 

\/^      (fHi  — 6)  (mi  — c)      in,  — a 
\/Jf       (m— 6)(f»— c)      i»  — a' 

we  have  thus  for  m»  a  quadric  equation  satisfied  by  m  =  m^,  so  that  throwing  out  the  factor 
m  ^  m^  the  equation  is  a  linear  one,  viz.,  we  find 

ma  '-ab^ac  +  bc 

mi* , 

m  — a 

or  what  is  the  same  thing 

(a-&)(a-c) 

ni'-a 

and  thence  also 

(«-fe)(«-c)     -- 

^^^i (m-a)-     ^^' 

viz.,  \/jlfi  is  determined  rationally  in  terms  of  m,  \/jf ;  this  is  of  course  as  it  should  be,  since 
the  point  6'  is  uniquely  determinate. 

Point  6  by  means  of  the  conic  2S6i  V5'. 

In  precisely  the  same  manner  the  coordinates  are  m^,  —  v/JIfp  where  mj,  y/M,   denote  as 
before. 

Point  4  by  means  of  the  conic  234l'5'6', 
The  equation  of  the  conic  is 


/W+Gy  +  Jy- ^,  (2,3), 
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rhere 


Fb 


+  ^.-. 


Fm.-i-G\/Mi  +  'Hm y 


Fm-G\/M+H-' 


1-M 


m 


(6-) 


which  give  without  difficulty 


\/MabcG^(m^b)  (^mi^P), 
abc  H^ab  +  ac-^bc-^  bP, 

where  P  «  2a  ^-c ^^ — -,  a   quantity  which  will  presently  be  expressed  in  terms 

m  +  m|  —  2e 

of  m  only. 
And  then 


Fd-^-Gy/e  +  H^ 


i-e 


or  say 


F(0-6)  +  Gv/e--!-^-i 


-^'-*>(^  +  ^-^)' 


that  is 
viz.,  that  is 


{0  -  6)  {abe  F  +  a  +  c^O)-^  G  abc  y/e  -  0, 

v/e 

(e-6)(P.e)  +  (iii-6);^(P-m)-0 


or,  rationalising  and  throwing  out  the  factor  0  ^  ft, 

this  is 

(d  -  a)  (0  -  ft) 

which  is  a  cubic  equation  satisfied  by  0  s  m  and  d  •■  mi ;    so  that  throwing  out  the  factors 
9  -m,6  —  mi  we  have  for  9  a  linear  equation. 
Putting  for  shortness 

'  J  -  (m  -  a)*  -  (a  -  b)  (o  -  c), 
P  -  (m  -  6)*  -  (6  -  c)  (6  -  a), 
C  -  (m  -  c)»  -  (c  -  a)  (c  -  6), 

48—8 
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the  value  of  0  may  be  expressed  in  tbe  forms 

e  -  a  ^  ^{c  -  a),  e  -  b  m  —{c  -  b),9  -  c  m — , 

We  have  moreover 

a  (g  -  c)  (ot  -  6)  (ot  -  c)                        («n  -  c)  ^ 
P-c- ^ ,  /*-»»- —  , 

equations  which  express  P  in  terms  of  m  only ;  also 

-  8  (g  -  o)  (m  -  6)  (m  -  c)  .g 

and  then 

m  — 6    P  — 1» 
whence 

\/a  -  2  y/Jlf  (6,-c)  (c-a)  ^  , 

so  that  0,  \/6  are  now  determined. 

Point  5  by  means  of  the  conic  ^85lW6\ 
The  conic  is 

Fof+Gy  +  J5r«^— ^ ,  (2,  8) 


where 


Fc.  +iy--,        (4') 

€ 


Fm,  +  G  v/jlf,  +  IT  -  ^-^ ,        (6') 

Fm  -G  v/jS^+JT-?^^-^,        (i'). 

Every,  thing  is  the  same  as  for  the  point  4  except  that  6,  c  are  interchanged :  hence  writing 
Q  instead  of  P,  and  using  A^  B,  C  to  denote  as  before^  we  have 

aftcF- -a-6+Q, 

\/Wahe  G'm(fn''C)  (-m  +  Q), 

ajbc  H  mab'{'aC'{'  be^cQ, 


and 


0_a ^^,_, 


4(ro-g)  (m-6)  (m—c)  (c-fc)  (a-») 
^-e«  ^ » 


IP 
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2  (m-b)  (m-c)  (a  —  b) 


Q-b 


B 

A  (m-b) 


Q—mm 


B       ' 
2  (m  — fc)  (m-'c)  C  (a— 6) 


and 


which   determine  0,  v^* 

Point  S'  by  means  of  conic  126sV5'. 
Equation  of  conic  is 

and  we  have 

G-^H^bc,  (2) 

^^ (m  — 6)  (m-c) 

Fm  +  GV^+£r- ^^^?= ,       (1) 

jvih-G\/jifi  +  ir»  — _  AjT — ,      (6). 

Eliminating  F,  we  have 

mi  (m  — })  (m  -  c)      m  (m,  -6)  (m,— c) 

GK\/jlf+m  VX)+ir(m--OT,)'-  ^7^  +  ^7^ 

which  is  easily  reduced  first  to 

(m  -  a)  (m  -  6) 


^2mmt-a(m  +  mi)  ^   ^  ^_                /^  .  ^  x  (^  -  ^)  (»> 
G  -T .     y—     +  jy  (m  -  mj  «  (m  +  mj -^==- 


and  then  to 


G  {a^  +  2m(a-6)(a-c)}-£r^— ^^~  +  a6c  {  -  J  +  2m  (m  -  a)}  -  0 

and  combining  herewith  G  +  JH  -« 6c,  we  have 

26c  m  f  g  (m  -  g)  +  (g  -  fe)  (a  -  c)] 

7^"^       ITT         ,      (m-g)^^ 

g-i  +  2m  (a  -  6)  (g  -  c)  +      .— ^ — 

Gmbc-'H; 
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and  we  have  then 

that  is 

F  i^m  (m'-a)  --A\  -^  G  ~ —  +  2  ^(m  -  a)  -  0, 


or  what  is  the  same  thing 

F  {2m(m  -  o)  -  -4}  «  -  6c  -~^  ^  -  ZT.  -<  2  (m  -  a)  -  "'^  ""  }^  • 

We  then  have 

{a  -  6)  (jr  -  c)> 


^  m— a  I  m  "^  a 


fl7  — a 
that  is 

HOC  (^  -  a) 
a6c  (o^  -  a)  {Foi  +  JJ)'  +  (or  -  6)  (a?  -  c)  (Gx  +  JJa)'  =  0, 

or,  developing  and  throwing  out  the  factor  x^  this  is 

+  +  {2aGir— (6  +  c)  G»  +  a6c  jP}a^ 

+  {a*  IP  -  2a  (6  +  c)  G-ff  +  6c  G*  +  a6c  (StFE-^aF*)]  x 
+  ^  -  (6  +  c)  «•  ir«  +  2a6c  G-ff  +  a6c  {W^-ZaFH)]  =  0. 

This  must  be  satisfied  by  a?  =  m,  zr  «  m^;  hence  the  left  hand  must  be  =  G*  (/r  -  m){x  —  mj)(ir  —  <r), 
or  equating  the  constant  terms  we  have 

G*mmi<r«air{  — 2a6c  F  +  26c  G  +  (6c-a6-ac)  H\, 
which  gives  <r;  and  we  then  have 

but  I  have  not  attempted  the  further  reduction  of  these  expressions. 
The  numerical  values  for  the  example  are 

-  140  +  62  \/l4  —10  +  62  \/l4  '  —  104  \/l4 

8F^ T:^  »     G  ■■  —.^^mffss^ 7=-   » 

5    +21^/14  5+21y/i4'  5  +  v^i4 

whence  <r  as  in  the  Table. 
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Point  2'  by  means  of  conic  IS62V5'. 
The  equation  of  the  conic  is 

Fa,+  Gy  +  HJ'"'^^^''-'\  (*',  5') 

where 

-G  +  H  "  —bOy 


383 


. —              (tn—b)  (m  -c) 
Fm  +  Gy/M  +  H~  -^-^ , 

«       /-         rr       (W*!  -  6)  K  -  C) 


(3) 
(0 

(6) 


which  are  the  same  as  for  point  8\  if  only  we  reverse  the  signs  of  F,  H  and  y/ M^  v/jfi- 

Hence   the   formulae    are 

^bcm  [a  (m  -  g)  +  (g  -  b)  {a  -  c)] 

!  I      (wi-aM' 

a^  +  2m  (a  -  6)  (a  -  c)  - 


\/M 


G  -        6c  +  If  , 


i^{2m(m.a)-J|.  .  6e  ^?^.  ^(2  (m- a) +^:^), 

G»  mmi  T  -  a-ff  {  -  2a6c  -F  -  26c  G  +  (6c  -  aft  -  oc) fTj, 
which  gives  t,  and  then 

which  are  also  unreduced. 


The  numerical  values  are 


„      140+62\/Ti     ^       -lO-62v/l4      —      -104v/l4 
SJr  ^ — r r^ — t=^9  G*  ■■ j^^  H  * 


5-21  ,^14 
whence  t  as  in  the  Table. 


5-21v/l4  5-21\/l4 
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their  logarithms  (to  ten  figures).  By  J.  W.  L.  Glaisher,  B.A.,  F.RA.S. 
FeUow  of  Trinity  College,  Ca/mhridge, 


[Read  May  29,  1871.] 

The  only  table  of  the  logarithms  of  Bernoullfs  Numbers  that  has  hitherto  been  calcu- 
lated with  which  the  author  is  acquainted,  is  that  given  in  Grunert's  supplement  to  ElUgers 
Worterbuch  (Article,  BernouUische  Zahlen) ;  it  contains  the  logarithms  of  the  first  eighteen 
numbers.  This  table^  which  is  stated  to  be  copied  from  Eytelwein's  Higher  Analysis,  is 
also  reprinted  in  the  Penny  (and  English)  Cyclopaedia. 

The  present  table  which  contains  the  logarithms  of  the  first  250  Bernoulli's  Numbers 
to  ten  decimal  places  was  constructed  as  follows : 

The  first  seven  logarithms  were  found  by  merely  taking  out  the  logarithms  of  the  corre^ 
sponding  numbers ;  the  rest  were  calculated  by  means  of  the  formula^ 

2(l.2...2n) 


5, 


{2^r 


(^^^-^^"^••O' 


from  which  we  obtain 

log  5.  -  logs  +  log  1  +  log2...  +  log  (2n)  -  2nlog(27r)  +M  (^  +  ^  +  —  )  » 

(where  ft,  is  the  modulus  '43429448.. •),  the  square  and  higher  powers  of 

1  1 

being  insensible  to  10  places,  when  n  is  greater  than  7* 

Several  of  the  logarithms  were  calculated  by  taking  out  the  logarithms  of  the  number 
as  well  as  by  this  method. 

A  table  of  the  values  of  log  (1  .S...!!?)  as  far  as  <v  »  1200  to  18  decimal  places,  was 
published  by  C.  F.  Degen,  at  Copenhagen,  in  1824 ;  this  has  been  used  in  the  construction 


*  There  in  some  confusion  in  the  notation  for  Bernoulli's 
Numben;  they  are  lometimes  written  B^y  B^  B^^  ftc,  and 
Bometimes  ^i,  B^  B^  &c.     B^  in  the  one  iystem  coire- 


sponds  to  ^f«-i  in  the  other.    The  former  system  is  here 
adopted  as  being  obviously  the  better. 
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of  the  accompanyiDg  table,  but  every  number  quoted  has  been  yerifiedy  to  guard  against 
any  misprint  of  Degen^s. 

The  whole  work  has  been  performed  in  duplicate,  and  as  the  calculation  was  not  of  a 
difficult  nature,  there  is  a  high  probability  that  the  table  is  free  from  error. 

It  would  have  been  easy  to  give  more  decimal  places^  but  as  there  exists  no  printed 
table  of  logarithms  of  natural  numbers  to  more  than  ten  6gures,  it  seemed  useless  to  calculate 
the  present  logarithms  farther ;  the  work  was  however  extended  to  fifteen  places,  so  that  the 
last  figure  (which  has  been  corrected)  is  in  all  cases  accurate. 

The  table  in  the  Worterbuch  was  found  to  be  very  inaccurate ;  the  following  is  the  list 
of  errors*. 

In  i?Q       1.4033154004  should  be     1.4033154008, 

„    J?8      0.8507783387          ,»  0.8507783327, 

„  4.9374188511, 

„  7.4361345056, 

„  8.7798940203, 

„  11.6330790755, 

„  13.1370898839. 


0.8507783387  „ 

4.9374188514  „ 

7.4361345055  „ 

8.7792940212  „ 

„   J?i7    11.6330790754  „ 

„  B^    13.1370898829  ,1 

For  values  of  n  greater  than  250,  we  can  replace 


99  -"is 


l.2...2n  by  2«»+ ^(im)  n*e-**  ( 


1  +  —  + 

2411      115211' 


52«V  ' 


so  that 


logJ?,-log4+  (2n  +  -jlogn-  (2»-g)  !<««■- 2/*»  +  ^» 


the  term ^  being  cancelled  by  an  equal  term  of  opposite  sign  in  the  expansion. 

Bernoulli's  Numbers  have  been  calculated  as  far  as  B^,  the  first  15  by  Euler  and  the 

rest  by  Rothe;  they  are  all  given  in  Crelle's  Joumdlj  t  xx.  p.  11.     These  as  far  as  B^  have 

been  verified  by  two  calculations  of  Euler^s  constant  by  means  of  them  j-.     An  error  should  be 

mentioned  in  Euler^s   original  calculation  of  A^^,  which  is  given  {Acta  Petropol.  pt.  n.  for 

^        8553103  .  ,     ^  8553103        ^^.  .  ,        ,   .       ,^      „  ^     , 

1781,  p.  46)  as instead  of  — - — .     This  error  is  reproduced  in  the  Ferniff  Cyekh 

%  o 

pcedia  (Article,  Numbers  of  Bernoulli)  and  probably  elsewhere. 


*  An  ih«0e  «Ron  ooonr  alio  in  Eytelw«n*8  Qrimdiehnn 
dtr  Ukem  Analytii,  BwUd,  1824  (t.  L  p.  488);  to  that  they 
were  not  introdiioed  by  inMomste  copying  on  Gmnert*!  part* 


Enlflr'i  error  in  Bi^  allnded  to  fortlier  on,  ii  not  repiodnoed 
byEytelwflin. 

t  Proeeedingi  i^Oc  Mo^  SodOy,  No.l2l^  1871. 
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» 

logi 

r 

n 

logi 

» 

log  if. 

1 

f  ^-22184 

87^96 

46 

68-96324 

71164 

91 

188-86301 

53421 

2 

"5  «-52287 

87453 

47 

71-30849 

81818 

92 

191-78392 

45182 

8 

s  -a'37675 

07096 

48 

73-67213 

32834 

93 

194-72424 

94541 

4 

s  -2^62287 

87463 

49 

76-05377 

13567 

94 

197-67388 

91731 

5 

N  ^-87942 

60688 

50 

78-45304 

68146 

96 

200-63274 

48416 

6 

/  ^-40331 

64003 

"^ 

80-86960 

86234 

96 

203-60071 

97008 

7 

006694 

67896 

52 

83-30311 

94607 

97 

206-57771 

90030 

8 

0-86077 

83327 

63 

86-75326 

48783 

98 

209-56364 

99490 

9 

1-74013 

50433 

54 

88-21970 

26748 

99 

212-55842 

16287 

10 

2-72366 

76697 

55 

90-70216 

21211 

100 

215-66194 

49641 

11 

3-79183 

96878 

56 

93-20034 

33859 

101 

218-67413 

26642 

12 

4-93741 

88511 

57 

95-71396 

69440 

102 

221-69489 

91229 

13 

616397 

24616 

68 

98-24276 

30368 

103 

224-62416 

04676 

14 

7-43613 

45066 

69 

100-78647 

11692 

104 

227-66183 

44113 

15 

8-77929 

40203 

60 

103-34483 

96399 

106 

230-70784 

02554 

16 

10-17944 

59554 

61 

105-91762 

51042 

106 

233-76209 

88349 

17 

11-63307 

90755 

62 

108-50459 

21641 

107 

236-82463 

24750 

18 

13-13708 

98839 

63 

111-10551 

29855 

108 

239-89606 

49493 

19 

14-68871 

64679 

64 

113-72016 

69394 

109 

242-97362 

14401 

20 

,16-28648 

03295 

65 

116-34834 

02653 

110 

246-06012 

84990 

21 

17-92515 

37399 

66 

118-98982 

67654 

111 

249-16451 

40104 

22 

19-60671 

51352 

67 

121-64442 

24680 

112 

252-25670 

71551 

23 

21-32532 

57440 

68 

124-31193 

53982 

113 

255-36663 

83756 

24 

23-08230 

51026 

69 

126-99217 

63150 

114 

258-48423 

93431 

25 

24-87511 

14502 

70 

129-68495 

84142 

116 

261-60944 

29248 

26 

26-70232 

62332 

71 

132-39010 

61346 

116 

264-74218 

31628 

27 

28-56263 

61260 

72 

135-10744 

49274 

117 

267-88239 

61945 

28 

30-46482 

61057 

73 

137-83680 

60487 

118 

271-03001 

53231 

29 

82-37776 

92183 

74 

140-57802 

63621 

119 

274-18498 

08894 

30 

34-33041 

27436 

76 

143-33094 

31629 

120 

277-34723 

02954 

31 

36-31177 

45314 

76 

146-09640 

39514 

121 

280-51670 

29672 

32 

38-32093 

53181 

77 

148-87126 

63663 

122 

283-69333 

93304 

33 

40-35703 

28736 

78 

151-65835 

29261 

123 

286-87708 

07862 

34 

42-41925 

68522 

79 

154-45664 

99288 

124 

290-06786 

96825 

35 

44-50684 

42463 

80 

157-26570 

72990 

125 

293-26564 

93016 

36 

46-61907 

53547 

81 

160-08668 

84529 

126 

296-47036 

38271 

37 

48-75627 

01978 

82 

162-91636 

01686 

127 

299-68195 

83282 

38 

50-91478 

63168 

83 

166-75769 

24642 

128 

302-90037 

87373 

39 

53-09701 

09079 

84 

168-60926 

84803 

129 

306-12657 

18298 

40 

56-30136 

82495 

85 

171-47123 

43696 

130 

309-35748 

62052 

41 

67-52730 

73841 

86 

174-34339 

91902 

131 

312-69606 

72671 

42 

69-77430 

50258 

87 

177-22563 

48049 

132 

315-84126 

72068 

43 

62-04186 

26660 

88 

18011782 

67847 

133 

319-09303 

49796 

44 

64-32950 

48641 

89 

183-01986 

93166 

134 

322-36132 

12983 

46 

66-63677 

76334 

90 

185-93162 

51160 

136 

326-61607 

76057 
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» 

log  J 

n 

n 

log^. 

n 

log-5. 

136 

328-88725 

60639 

176 

464-62664 

03298 

216 

608-11800 

48903 

137 

33216480 

95371 

177 

468-02596 

85605 

217 

611-79662 

27796 

138 

335-44869 

16762 

178 

471-53127 

71748 

218 

616-47723 

87890 

139 

338-73886 

64045 

179 

476-04146 

86808 

219 

619-16283 

45997 

140 

342-03525 

89024 

180 

478-65650 

68936 

220 

622-85239 

20697 

141 

346-33785 

45939 

181 

482-07636 

19292 

221 

626-64689 

31818 

142 

348-64659 

96328 

182 

486-60101 

02012 

222 

630-24332 

01416 

143 

351-96146 

07892 

183 

489-13042 

44143 

223 

633-94466 

62744 

144 

365-28236 

64370 

184 

492-66457 

86606 

224 

637-64988 

10748 

145 

368-60930 

15409 

185 

496-20344 

69140 

225 

641-35898 

01929 

146 

361-94221 

76446 

186 

499-74700 

40268 

226 

646-07198 

64329 

147 

365-28107 

28587 

187 

503-29622 

47241 

227 

648-78872 

97610 

148 

368-62682 

68490 

188 

506-84808 

41000 

228 

652-50934 

62636 

149 

371-97643 

98267 

189 

510-40555 

75133 

229 

666-23376 

81950 

180 

375-33287 

25320 

190 

513-96762 

06832 

230 

669-96197 

89765 

151 

378-69508 

62338 

191 

517-63424 

91861 

231 

663-69396 

21397 

152 

38206304 

27092 

192 

621-10641 

94467 

232 

667-42970 

13746 

163 

386-43670 

42383 

193 

524-68110 

77442 

233 

671-16918 

05076 

154 

388-81603 

35936 

194 

628-26129 

06981 

234 

674-91238 

36044 

155 

392-20099 

40301 

195 

631-84594 

51697 

236 

678-65929 

44683 

156 

395-69154 

92765 

196 

536-43504 

82674 

236 

682-40989 

76374 

157 

398-98766 

35254 

197 

539-02857 

72929 

237 

686-66417 

73831 

158 

402-38930 

14251 

198 

542-62660 

98377 

238 

689-92211 

82087 

159 

405-79642 

80706 

199 

646-22882 

36798 

239 

693-68370 

47476 

160 

409-20900 

89962 

200 

649-83549 

68301 

240 

697-44892 

17617 

161 

412-62701 

01626 

201 

653-4468D~75Tgi* 

241 

701-21775 

44396 

162 

416-05039 

79584 

202 

657-06183 

41937 

242 

704-99018 

68963 

163 

419-47913 

91828 

203 

660-68146 

66137 

243 

708-76620 

61664 

164 

422-91320 

10424 

204 

564-30536 

03493 

244 

712-54679 

42129 

166 

426-35256 

11436 

205 

667-93349 

77774 

246 

716-32893 

94164 

166 

429-79715 

74843 

206 

671 -66587 

70785 

246 

720-11662 

62735 

167 

433-24698 

84479 

207 

575-20246 

77346 

247 

723-90584 

04060 

168 

436-70201 

27956 

208 

578-84324 

94262 

248 

727-69956 

76437 

169 

440-16219 

96600 

209 

582-48820 

20253 

249 

731-49679 

36385 

170 

443-62761 

85386 

210 

686-18730 

66019 

250 

735-29760 

43617 

171 

447-09793 

92869 

211 

689-79054 

04120 

172 

460-67343 

21128 

212 

593-44788 

68992 

173 

464-05396 

75699 

213 

597-10932 

66917 

174 

457-53951 

66520 

214 

600-77483 

76990 

176 

461-03005 

02866 

215 

604-44440 

36100 
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lTable8  of  the  first  250   BemovUi^s  Numbers  {to  nine  figures)    and   their 

logarithms  {to  ten  figures)^. 


SUPPLEMENT.     Added  February  29,  1872. 


[Read  iforcA  11,  1872.] 


Aftxe  the  reading  of  this  paper,  which  originally  contained  only  the  logarithms  of  the 
first  250  Bernoulli's  Numbers^  it  occurred  to  me  that  it  would  greatly  increase  the  value  of 
the  Table  if  the  first  nine  or  ten  figures  of  the  numbers  themselves  were  also  tabulated. 

If  only  seven  figures  are  required,  the  number  is  taken  out  from  the  logarithm  so  easily 
that  it  is  of  no  great  consequence  whether  the  numbers  are  or  are  not  tabulated ;  but  if  more 
than  seven  figures  are  required,  the  case  is  very  different  In  the  first  place  the  operation 
of  taking  out  the  number  is  far  more  laborious,  and  secondly,  ten-figure  logarithmic  tables  are 
very  difficult  to  procure.  The  only  complete  table  is  Ylacq's  (often  erroneously  called  firiggs's), 
published  at  Gouda,  1628,  and  at  London,  with  an  English  introduction,  1651.  This  was 
reprinted  by  Vega  in  his  ZV^atirtM  Logarithmorum  CampletuSf  Leipsic,  1794,  but  the  form 
is  not  quite  so  convenient  as  in  the  original.  Both  Vlacq  and  Vega  are  now  very  scarce. 
The  former,  further,  contains  over  400  errors  which  were  found  by  M.  Lefort,  by  comparison 
with  the  great  French  Manuscript  Tables,  and  published  by  him  in  tome  iv.  of  the  Annales 
de  rObservataire  Imperial  de  Paris  (1858),  pp.  [l48]...[l50^,  and  very  many  of  these  occur 
also  in  Vega.  The  accompanying  table  of  Bernoulli's  Numbers  was  calculated  from  B^^ 
to  J?2Bo  ^y  taking  out  the  numbers  answering  to  the  logarithms  by  Vlacq's  table,  the 
logarithms  corresponding  to  these  numbers  were  then  taken  out  from  the  same  table  and 
compared  with  the  originals,,  so  that  the  verification  was  perfect. 

The  first  five  figures  of  the  numbers  were  then  read  with  Lefort's  table  of  errata  pre* 
viously  referred  to  and  one  error*  found  thereby  was  corrected. 


*  Itoorraip<md6dtoj9^;log44666ahouldbe6498798191 
not  64987  48191.  Since  thu  paper  wbb  read  I  haye  formed 
a  lilt  of  enmta  in  Ylaoq,  mpplenientaiy  to  that  given  by 


Lefort:   see   Monthly   Notion  of  tht  Royal  Aiiirwomicai 
SodOjft  for  May  and  Jnne,  1872. 


Digitized  by 


Google 


MR  GLAISHER'S  TABLES  OP  THE  FIRST  260  BERNOULLrS  NUMBERS,  Ac       889 

As  the  tenth  figure,  obtained  by  ten-figure  logarithms,  is  not  to  be  depended  on  as 
accurate,  it  seemed  best  to  reject  it  and  onlj  tabulate  nine  figures  of  the  numbers. 

The  first  eighteen  Bernoulli's  Numbers  in  the  table  were  formed  by  division  from  the 
exact  numbers  (as  vulgar  fractions)  given  by  Ohm  in  Grelle's  Journal^  Vol.  xx.  p.  IK  It 
should  be  mentioned  that  Ohm  has  given  the  first  thirty-one  numbers,  the  values  of  the 
first  twenty-five  of  which  have  been  verified  rigorously,  and  the  rest  partially  by  a  calculation 
made  by  means  of  them  for  the  determination  of  Euler's  constant  (Proc.  Roy.  Soc.  1871,  p.  514). 
The  numerals  in  square  brackets  denote  the  number  of  decimal  places  that  follow  the  figures 
tabulated  before  the  decimal  point;  for  example  B^^  is  161811355  followed  by  401  figures 
before  the  decimal  point  is  reached,  so  that  the  integral  portion  of  B^^  consists  of  410 
figures. 

If  a.  be  the  characteristic  of  log  J?^,  then  the  quantity  in  square  brackets  corresponding 
to  £«  is  a«  -  8 ;  as  there  are  altogether  a.  +  1  figures  before  the  decimal  point,  of  which  the 
first  nine  are  tabulated. 

It  may  be  remarked  that  the  value  of  a  table  often  consists  as  much  in  its  insuring 
accuracy,  as  in  its  saving  the  user  the  trouble  of  calculating  any  of  the  results  tabulated. 
Even  if  the  formula  from  which  a  table  is  calculated  is  very  simple  and  admits  of  ready 
computation,  it  by  no  means  follows  that  on  that  account  the  table  is  not  worth  constructing, 
as  although  it  may  not  save  a  great  deal  of  labour,  it  gives  an  amount  of  confidence  to  the 
consulter  that  he  might  not  feel  in  his  own  calculations.  This  remark  does  not  apply  in 
full  force  to  the  present  case,  as  the  calculation  of  the  results  was  quite  as  laborious  as  in 
the  average  of  tables,  but  it  affords  one  of  the  chief  reasons  that  seemed  to  render  it  desirable 
to  supplement  the  logarithms  by  the  numbers. 

J.  W.  L.  GLAISHEB. 


Digitized  by 


Google 


390 


MB  GLAISHER'8  TABLES  OF  THE 


TABLE  OF  BEENOULM'S  NUMBERS. 


m 


n 


B. 


The  numerals  in  square  brackets  denote  the  number  of  additional  figures  before  the  decimal 
point,  thus  £„,.to  nine  figures,  is  750086675  followed  by  16  ciphers  before  the  decimal  point. 
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n 
136 

B. 

n 

B. 

n 

A 

77136 

8136 

[320 

176 

33638 

2448 

466 

216 

13122 

1468 

[600] 

137 

14616 

3607 

324" 

177 

10616 

9426 

"460 

217 

62462 

9916 

603 

138 

28099 

0461 

327 

178 

33984 

2097 

"463 

218 

30008 

1201 

'607 

139 

64809 

6712 

330 

179 

11001 

9260 

•467 

219 

14649 

0488 

611 

140 

10846 

7328 

334; 

180 

36016 

8638 

■470" 

220 

71185 

6862 

614] 

141 

21769 

8078 

337' 

181 

11922 

3617 

■474' 

221 

35147 

3982 

618] 

142 

44319 

9879 

"340 

182 

39903 

4276 

■477' 

222 

17611 

3707 

'622 

143 

91606 

2666 

343 

183 

13602 

8180 

481' 

223 

88034 

9809 

626 

144 

19168 

6735 

347 

184 

46193 

2544 

•484 

224 

44656 

1291 

'629 

146 

40672 

6630 

360; 

186 

15976 

2224 

;488; 

225 

22854 

9467 

"633] 

146 

87642 

2379 

363' 

186 

66847 

6373 

491' 

226 

11801 

4517 

637] 

147 

19101 

7369 

357" 

187 

19734 

4362 

■495' 

227 

61479 

4186 

'640 

148 

42260 

0132 

360 

188 

70482 

9644 

"498' 

228 

32310 

6916 

'644' 

149 

94719 

5936 

363 

189 

26442 

3670 

'502' 

229 

17130 

4273 

'648 

160 

21621 

4997 

367; 

190 

92816 

6160 

605; 

230 

91617 

6136 

651] 

161 

49664 

8677 

370 

191 

34217 

6716 

509' 

231 

49426 

7697 

665] 

162 

11562 

2594 

374 

192 

12747 

3364 

'613 

232 

26896 

8471 

'669' 

163 

27334 

0660 

377 

193 

47986 

2481 

'516 

233 

14763 

1899 

'663' 

164 

65468 

6814 

380 

194 

18261 

1696 

'620 

234 

81730 

3774 

'666' 

166 

16886 

2491 

384 

196 

70136 

6744 

523; 

235 

45634 

6231 

670] 

166 

39043 

6480 

387' 

196 

27230 

0386 

627' 

236 

26697 

9Q02 

674] 

167 

97199 

3869 

"390 

197 

10680 

1486 

■531 

237 

14694 

1022 

'678" 

168 

24507 

6362 

■394' 

198 

42316 

5096 

■534' 

238 

83583 

0488 

'681" 

169 

62578 

9210 

397" 

199 

16936 

5005 

"638 

239 

48273 

0609 

'685' 

160 

16181 

1365 

401; 

200 

68469 

4486 

;64i; 

240 

28113 

9431 

689] 

161 

42365 

2880 

404 

201 

27968 

0913 

546' 

241 

16610 

2686 

693] 

162 

11230 

4707 

408 

202 

11630 

1297 

"649 

242 

97766 

7868 

'696 

163 

30139 

7179 

411 

203 

48023 

6886 

'552' 

243 

58372 

0796 

'700 

164 

81884 

3757 

•414 

204 

20199 

9626 

'566 

244 

35139 

3896 

704" 

166 

22519 

1069 

418 

206 

86802 

0724 

559' 

245 

21327 

4737 

708] 

166 

62684 

1129 

421' 

206 

36802 

4794 

663 

246 

13060 

4736 

712] 

167 

17669 

9085 

426 

207 

16939 

2446 

'567 

247 

80608 

2534 

'716 

168 

.  50361 

6444 

428 

208 

69702 

6718 

670 

248 

60068 

8416 

719 

169 

14527 

8103 

432 

209 

30776 

2809 

'674 

249 

31390 

1607 

723" 

170 

42414 

9089 

436 

210 

13718 

4676 

;678; 

260 

19838 

2964 

'727] 

171 

12629 

6600 

439" 

211 

61736 

2736 

581' 

172 

37448 

3005 

■442' 

212 

28047 

0313 

585' 

173 

11323 

1681 

446' 

213 

12862 

6090 

689" 

174 

34636 

1086 

449 

214 

69643 

9442 

'692 

176 

10716 

4338 

463 

216 

27822 

9779 

"696' 

The  nnmeralB  In  sqoare  brackets  denote  the  number  of  additional  figures  before  the  decimal 
point,  thus  Bvn,  to  nine  figures,  is  107164338  followed  by  453  ciphers  before  the  decimal  point. 
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yil.  Further  Observations  on  the  stale  of  an  Eye  affected  with  a  peculiar 
malformation.  By  George  Biddell  Aiet,  M.A.^  LL.D.,  D.C.L.,  Honorary 
FdUm  of  Trinity  College;  formerly  Lucoksian  Professor ^  late  Plumian  Pro- 
fessor, in  the  University  of  Cambridge;  Astronomy  Royal. 


[Read  JP».  12,  1872.] 

Fob  the  method  which  I  have  employed  now  for  the  fourth  time  in  examining  the  state 
of  the  eye,  I  refer  generally  to  my  communication  to  the  Cambridge  Philosophical  Society 
dated  1825,  February  6.  A  very  minute  hole  is  made,  by  the  point  of  a  fine  needle,  in  a 
blackened  card,  which  is  so  pierced  in  another  part  that  it  can  be  slid  upon  a  graduated  scale, 
of  which  one  end  abuts  against  the  orbital  bone  of  the  eye ;  the  graduated  scale  thus  giving  a 
veiy  approximate  measure  of  the  distance  of  the  minute  hole  from  the  cornea  of  the  eye  in 
eveiy  experiment.^  With  a  properly-formed  eye,  and  with  the  card  raised  between  the  eye  and 
the  bright  sky,  the  minute  hole  is  seen,  at  the  distance  of  distinct  vision,  as  a  brilliant  point. 
With  the  anomalous  eye,  the  hole  is  seen  at  one  distance  as  a  nearly  horizontal  line  pretty 
sharply  defined,  and  at  a  greater  distance  as  a  line  at  right  angles  to  the  former  line  (and  thus 
approaching  to  a  vertical  direction)  pretty  sharply  defined.  At  no  distance  is  it  seen  as  a  point. 
To  this  form  of  refraction  Dr  Whewell  gave  the  name  of  astigrnatism,  which  it  has  since 
retained. 

Without  further  explanation,  I  will  give  the  results  of  a  late  examination,  in  combination 
with  those  of  previous  examinations,  in  the  same  form  as  in  my  paper  of  1866,  November  19 
{Proceedings  of  the  Ccmb,  Phil.  Soc.  Pt.  iv.). 

L    Distance  from  the  cornea  of  the  left  eye  at  which  the  luminous  point  presents  the 
appearance  of  a  nearly  horizontal  line. 

In  1825,  3-5  inches ;  Reciprocal  -  -286     ^.^  _^. 

InW*^     ;      -213    J^— ^73- 

In  1866.  5-4     ;      -185        .^°- 

In  1871.  6-6     ;      179         """'*• 

II.    Distance  from  the  cornea  of  the  left  eye  at  which  the  luminous  point  presents  the 
appearance  of  a  nearly  vertical  line. 

In  1825.    6-0  inches;  Recipn)cal- -166    j^^^^^_^^^^ 

In  1846,    8-9    ;      '112    ^^^'^"'^  • 

In  1866,  10-6     ;      "094        "        * 

In  1871,  10-0     ;      100        + """' 
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III.  Measure  of  the  astigmatic  power  of  the  left  eye  at  diflferent  epochs ;  estimated  in 

each  case  by  the  diflferences  of  the  reciprocals  for  the  same  date  in  the  two  pre- 
ceding tables. 

In  1825,  astigmatism  =  120    ^.^ 

In  1846,       101     »^^rence=019. 

In  1866,       -091         '^JJ* 

.   In  1871,      -079        

IV.  Distance  from  the  cornea  of  the  right  eye  at  which  the  luminous  point  is  seen 

distinctly. 

In  1846,  4*7  inches ; 
In  1866,  5-5     ... 
In  1871,  6-4     .... 

The  changes  in  the  last  period  of  five  years  are  small.  The  element  which  appears  to  have 
undergone  the  greatest  change  is  the  astigmatism ;  this  result  of  observation  is  opposed  to  that 
of  earlier  years. 

I  am  inclined  to  think  that  the  self-adjusting  power  of  the  eyes  for  different  distances 
is  sensibly  less  than  it  was  in  1866 ;  and  that  the  stigmatic  refraction  of  the  right  eye  is  less 
perfect  than  it  was  formerly. 

G.  B,  AIRY. 


RoTAL  Observatory,  Greemwicb, 
1871,  December' 27. 


Reciprocal  =  '213     ^.  ^ 

182    ^^™^^^^  —  ■"  '^31. 
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I.    On  the  geometrical  representation  of  Cauchy's  theorems  of  BaotJ^imitcUion. 

By  Professor  Caylet. 

[Bead  F*.  16,  1874.] 

There  is  contained  in  Oauch/s  Memoir  '^Calcul  des  Indices  des  Fonctipns/'  Jaum.  de 
VEcole  Polytech.  t.  xv.  (1837)  a  general  theorem,  which,  though  including  a  well-known 
theorem  in  regard  to  the  imaginary  roots  of  a  numerical  equation,  seems  itself  to  have 
been  almost  lost  sight  o£  In  the  general  theorem  (say  Cauch/s  two-curve  theorem)  we 
have  in  a  plane  two  curves  Ps=0,  Qf^O,  and  the  real  intersections  of  these  two  curves^  or 
say  the  ''roots,"  are  divided  into  two  sets  acpording  s^  the  Jacobiau 

is  positive  or  negative,  say  these  are  the  Jacobian-positive  and  the  Jacobian-negative 
roots:  and  the  question  is  tp  determine  for  the  roots  within  a  given  contour  or  circuit, 
the  difference  of  the  numbers  of  the  roots  belonging  to  the  two  sets  respectively. 

In  the  particular  theorem  (say  Cauch/s  rhizic  theorem)  P  and  Q  are  the  real  part 
and  the  coefficient  of  i  in  the  imaginary  part  of  ^  function  of  a  +  iy  with,  in  general, 
imaginary  coefficients  (or,  what  is  the  same  thing,  we  have  P+iQ=/(a5  +  ty)  +  fi^(a?  +  ty), 
where  f,  ^  are  real  functions  of  x  +  iy) :  the  roots  of  necessity  are  of  the  same  set :  and 
the  question  is  to  determine  the  number  of  roots  within  a  given  circuit 

In  each  case   the  required  number  is  theoretically  given  by  the  same  rule,  viz.,  con- 
p 
sidering  the  fraction  -g,  it  is  the  excess  of  the  number  of  times  that  the  fraction  changes 

from  +  to  —  over  the  number  of  times  that  it  changes  from  —  to  +i  as  the  point  {Xy  y) 
travels  round  the  circuit,  attending  only  to  the  changes  which  take  place  on  a  passage 
through  a  point  for  which  P  is  =  0. 

In  the  case  where  the  circuit  is  a  polygon,  and  most  easily  when  it  is  a  rectangle 
the  sides  of  which  are  parallel  to  the  two  axes  respectively,  the  excess  in  question  can  be 
actually  determined  by  means  of  an  application  of  Sturm's  theorem  successively  to  each 
side  of  the  polygon,  or  rectangle. 
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In  the  present  memoir  I  reproduce  the  whole  theory^  presenting  it  under  a  completely 
geometrical  form,  viz.  I  establish  between  the  two  sets  of  roots  the  distinction  of  right-  and 
left-handed:  and  (availing  myself  of  a  notion  due  to  Prof.  Sylvester*)  I  give  a  geometrical 
form  to  the  theoretic  rule,  making  it  depend  on  the  '^  intercalation"  of  the  intersections  of 
the  two  curves  with  the  circuit:  I  also  complete  the  Sturmian  process  in  regard  to  the 
sides  of  the  rectangle:  the  memoir  contains  further  researches  in  regard  to  the  curves  in 
the  case  of  the  particular  theorem^  or  say  as  to  the  rhizic  curves  P=0,  Qb=0. 


The  Getieral  Theory.    Articles  Nos.  1  to  19. 

1.  Consider  in  a  plane  two  curves  P~0,  ^  =  0  (P  and  Q  each  a  rational  and  integral 
function  of  x,  y),  which  to  fix  the  ideas  I  call  the  red  curve  and  the  lltie  curve  re- 
spectivelyf:  the  curve  P  =  0  divides  the  plane  into  two  sets  of  regions,  say  a  positive  set 
for  each  of  which  P  is  positive,  and  a  negative  set  for  each  of  which  P  is  negative:  it 
is  of  course  immaterial  which  set  is  positive  and  which  negative,  since  writing  —  P  for  P 
the  .two  sets  would  be  interchanged :.  but  taking  P  to  be  given,  the  two  sets  are  distinguished 
as  above.  And  we  may  imagine  the  negative  regions  to  be  coloured  red,  the  positive  ones 
being  left  uncoloured,  or  say  they  are  white.  Similarly  the  curve  Q=:0  divides  the 
plane  into  two  sets  of  regions,  the  negative  regions  being  coloured  blue,  and  the  positive 
ones  beix^  left  uncoloured,  or  say  they  are  white.  Taking  account  of  the  twofold  division, 
and  considering  the  coincidence  of  red  and  blue  as  producing  black,  there  will  be  four  sets 
of  regions,  which  for  convenience  may  be  spoken  of  as  9a&2e,  gules,  argent,  azwre:  viz.  in 
the  figures  we  have 


P   Q 


+ 
+ 


sable   and    argent    ( and 

(—  +  and  H — )  negative  coburs. 


—  sabte,  shoM^  by  cross  lines, 
-f  gules,    ,>        „    vertical  lines, 
+  argent,  teft  White, 

—  a2ure,  shown  by  horizontal  lines, 

+  4-)    being   thus   positive   colours,    and   gules    and    azure 
See  figures  towards  end  of  Memoir. 


2.  Consider  any  point  of  intersection  of  the  two  curves.  There  will  be  about  this 
point  four  regions,  sable  and  argent  beihg  opposite  to  each  other,  as  also  gules  and  azure; 
whence  selecting  an  oi'der 

sable,    giiles,    argent,    azure; 

if  to  have  the  colour^  in  this  order  we  have  to  go  about  the  point,  or  root,  right-handedly, 
the  root  is  right-handed :  but  if  left-handedly,  then  the  root  is  left-handed :  or,  what  is  more 


*  See  his  memoir,  A  theory  of  the  Syzygetie  relations 
<^.  Phil.  Trans.  1858.  The  Stnrmiazi  prooees  is  by  Storm 
and  Gaachy  applied  to  two  independent  functions  ^ob,  fx  of 
a  Tariable  x ;  but  the  notion  of  an  intercalation  as  applied 
to  the  order  of  sneoesaion  of  the  roots  of  the  equations 
^(a;)7»0i|  /(z)=0  is  due  to  Sylvester,  and  it  was  he  who 
showed  that  what  the  Sturmian  process  determined  was  in 


fact  the  intercalation  of  these  roots :  but,  not  being  concerned 
with  drouits,  he  was  not  led  to  consider  the  intercalation 
of  a  circuit 

t  It  is  assumed  throughout  that  the  two  enrres  have  no 
points  (or  at  least  no  real  points)  of  multiple  intersection ; 
i.e.  tb^  nowhere  touch  each  other,  and  Dfiither  enrre 
passes  through  a  multiple  point  of  the  other  curve. 
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ooiiTenienty  going  always  right-handedly^  then^  if  the  order  of  the  colours  is 

sable,    gules,    argent,    aznre, 

the. root  is  right-handed:  but  if  the  order  is 

sable,    azure,    argent,    gt^es, 
the  root  is  left-handed. 

8.    The  distinction  of  right-  and  left-handed  corresponds  to  the  sign  of  the  Jacobian 

and  we  may  (reversing  if  necessary  the  origin^  sign  of  one  of  the  functions)  assume  that 
for  a  right-handed  root  the  Jacobii^n  is  positive,  for  a  left-hauded  one,  negative. 

4.  I  consider  a  trajectory  which  may  be  either  au  unclosed  curve  not  cutting  itself, 
or  else  a  circuit,  viz.  this  is  a  closed  curve  not  cutting  itself.  A  circuit  is  considered  as 
described  right-handedly:  an  unclosed  trajectory  is  considered  as  described  according  to 
a  currency  always  determinate  pro  hdo  vice;  viz.  one  extremity  is  selected  as  the  beginning 
and  the  other  as  the  end  of  the  trajectory:  but  the  currency  may  if  necesss^  or  con- 
venient be  reversed:  thus  if  an  unclosed  trajectory  ferms  part  of  a  circuit  the  ci(iTency  is 
thereby  determined:  but  the  same  unclosed  trajectory  may  form  part  of  two  opposite 
circuits,  and  as  such  may  have  to  be  taken  with  opposite  currencies.  It  is  assumed  that 
a  trajectory  does  not  pass  through  any  intersection  of  the  P  and  Q  curves. 

6.  A  trajectory  has  its  P-  and  Q-sequenoe,  viz.  considering  in  order  its  intersections  with 
the  two  curves,  we  write  down  a  P  for  each  intersection  with  the  red  curve  and  a  Q  for 
each  intersection  with  the  blue  curve,  thus  obtaining  an  intermingled  series  of  P's  and  Q's, 
which  is  the  sequence  in  question.  In  the  case  of  a  circuity  the  sequence  is  considered 
as  a  circuity  viz.  the  first  and  last  terms  are  considered  as  contiguous^  and  it  is  immaterial 
at  what  point  the  sequence  commences.  The  sequence  will  of  course  vanish  if  the  trajectory 
does  not  meet  either  of  the  curves. 

6.  A  P-  and  Q-  sequence  gives  lise  to  an  ''  intercalation,*'  viz.  if  in  the  sequence  there 
occur  together  any  even  number  of  the  same  letter  these  are  omitted  (whence  also  any 
odd  number  of  the  same  letter  is  reduced  to  the  letter  taken  once):  and  if  by  reason  of 
an  omission  there  again  occur  an  even  number  of  the  same  letter  these  are  omitted :  and 
so  on.  The  intercalation  contains  therefore  only  the  letters  P  and  Q  alternately:  viz.  in 
the  case  of  an  unclosed  trajectory  the  intercalation  may  contain  an  even  number  of  letters, 
beginning  with  the  one  and  ending  with  the  other  letter,  and  so  containing  the  same 
number  of  each  letter — or  it  may  contain  an  odd  number  of  letters,  beginning  and  ending 
with  the  same  letter,  and  so  containing  one  more  of  this  than  of  the  other  letter ;  say  the 
intercalation  is  PQ  or  QP,  or  else  PQP  or  QPQ.  The  intercalation  may  vanish  altogether, 
thus  if  the  sequence  were  QPPQ  this  would  be  the  case. 

7.  In  the  case  of  a  circuit  the  intercalation  cannot  begin  and  end  with  the  same 
letter,  for  these,  as  contiguous  letters,  would  be  omitted ;  and  since  any  letter  thereof  may 
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be  r^arded  as  the  commenoement  it  is  PQ  or  QP  indifferently.  A  little  consideration 
will  show  that  the  whole  number  of  letters  must  be  evenly  even,  or,  what  is  the  same 
thing,  the  number  of  each  letter  must  fee  even,  T?hus  imagine  the  circuit  beginning  in 
sable,  and  let  the  intercalation  begin  with  PQ ;  viz.  P  we  pass  from  sable  to  azure,  and 
Q  we  pass  from  azure  to  argent:  in  order  to  get  back  into  sable  we  must  either  return 
the  same  way  (Q  argent  to  azure,  P  azure  to  sable),  but  then  the  sequence  is  PQQP,  and 
the  intercalation  vanishes:  here  the  number  of  letters  is  0^  an  evenly  even  number:  or 
else  we  must  complete  the  cycle  of  colours  P  argent  to  gules,  Q  gules  to  sable :  and  the 
sequence  and  therefore  also  the  intercalation  then  is  PQPQ^  where  the  number  of  letters 
is  4,  an  evenly  even  number. 

8.  in  the  case  of  any  trajectory  whatever,  the  half  number  of  letters  in  the  inter- 
calation is  termed  the  "index,"  viz.  this  is  either  an  integer  or  an  integer  +  ^.  But  in 
the  case  of  a  circuit  the  index  is  an  even  integer,  and  the  half-index  is  therefore  an 
intefger.    Vhe  indfex  itiay  of  Course  be  =  0. 

9.  But  we  require  a  further  distinction :  instead  of  a  P-  and  Q^  sequence  we  have  to 
consider  a  i  P-  and  Q-  sequence,  ^o  explain  this  observe  ttiat  a  passage  over  the  red  curve 
may  be  from  a  negative  to  a  positive  colour  (azure  to  sable  or  gules  to  argent),  this  is  +  i^» 
or  from  a  positive  to  a  negative  colour  (sable  to  azure  or  argent  to  gules),  this  is  —P. 
And  so  the  passage  over  the  t>lue  curve  may  be  from  a  negative  to  a  positive  colour 
(gules  to  sable  or  azute  to  argent),  this  is  +  Qi  or  else  from  a  positive  to  a  negative 
colour  (sable  to  gules  or  argent  to  azure),  this  is  —  Q.  The  sequence  will  contain  ihe  P 
and  Q  intermingled  in  any  manner,  but  the  signs  will  always  be  +  —  aMerhaidy;  for 
+  (P  or  Q),  denoting  the  passage  into  a  positive  Colour,  must  always  be  itnmediately  suc- 
ceeded by  —  (P  or  Q),  denoting  the  passage  into  a  negative  colour*  Whence,  knowing  the 
sequence  independently  of  the  signs,  we  have  only  to  prefix  to  the  firiBt  letter  the  sign 
+  oir  r-  as  the  case  may  be,  and  the  sequence  is  then  completely  determine. 

10.  Passing  to  a   ±   intercalation,  observe  that  in   omitting  any  even  number  of  P's 

or  Q*s,    the  omitted   signs  are  always  H f-  —  &c.  or  else  — h  —  +  &a,  viz.  the  omitted 

signs  1)egin  with  one  sign  and  end  with  the  opposite  sign.  Hence  the  signs  being  in  the 
first  instance  alternate,  they  will  after  any  omission  remain  alternate:  and  the  letters  being 
also  sdtemate,  the  intercalation  can  contain  only  +P  and  —  Q  or  else  —  P  and  +  Q.  Hence 
in  the  case  of  a  circuit  the  intercalation  is  either  (+P  — Q),  say  this  is  a  positive  circuit, 
or  else  (-P  +  Q),  say  this  is  a  negative  circuit  There  is  of  courae  the  neutral  circuit 
(PQ)o  fo^  which  the  intercalation  vanishes. 

11.  Consider  a  circuit  not  containing  within  it  aAy  root;  as  a  simple  example  let  the 
circuit  lie  wholly  in  one  colour,  .or  wholly  in  two  adjacent  colours,  say  sable  and  gules: 
in  the  former  case  the  sequence,  and  therefore  also  the  intercalation,  vanishes :  in  the  Jatter 
case  the  sequenced  is  +  Q  —  Q,  and  therefore  the  intercalation  vanishes :  viz.  in  either  case 
the  intercalation  is  (PQ)o. 
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12.  Consider  next  a  circuit  containing  within  it  one  right-handed  root ;  for  instance  let 
the  circuit  lie  whoUy  in  the  four  regions  adjacent  to  this  root,  cutting  the  two  curves  each 
twice;  the  sequence  and  therefore  also  the  intercalation  is  -hP-^Q  +  P—  Q;  viz.  this  is  a 
positive  circuit  (+  P  —  Q),,  where  the  subscript  number  is  the  half-index,  or  half  of  the  number 
of  P's  or  of  Q'a  Similarly  if  a  drcuit  conUlinB  within  it  one  left-handed  toot,  for  instance 
if  the  circuit  lies  wholly  in  the  four  regions  adjacent  to  this  root,  cutting  the  two  curves 
each  twice,  the  sequence  and  therefore  also  the  intercalation  is— P+Q  —  P+Q,  viz..  this 
is  a  negative  circuit  {-^P+Q)^:  and  the  consideration  of  a  few  more  particular  cases  leads 
easily  to  the  general  and  fundamental  theorem: 

13.  A  oircmt  %8  positive  (+P  — Q)8  or  negative  (-P  +  Q)«  according  as  it  contains 
within  it  more  ri^kt-handed  or  more  left-handed  roote;  and  iri  either  case  the  haif -index  8 
is  equal  to  the  excess  of  the  mmiber  of  one  over  that  of  the  other,  set  of  roots.  If  the  circuit 
is  neutral  (FQ)o>  then  there  are  wiihin  it  as  many  left-ha/nded  as  right-handed  roots. 

14.  The  proof  depends  on  a  com{K>sition  of  circuits,  btlt  for  this  some  preliminary 
considerations  are  necessary. 

Imagine  two  unclosed  trajectories  fottoing  a  circuity  and  writ«  down  in  order  the  inter- 
calation of  each.  The  >rhoIe  number  of  letters  must  be  ^en :  viz.  the  numbers  for  the  two 
intercalations  respectively  must  be  both  even  or  both  odd.  I  say  that  if  the  terminal 
letter  of  the  first  intercalation  and  the  initial  letter  of  the  second  intercalation  are  different, 
then  also  the  initial  letter  of  the  first  intercalation  and  the  terminal  lette;r  of  the  second 
intercalation  will  be  different:  if  the  same,  then  the  same.  In  fact  the  intercalations  may 
be  each  PQ  or  each.QP,  or  one  PQ  and  the  other  QP :  or  each  PQP,  or  each  QPQ^  or 
one  PQP  and  the  other  QPQ.  Sup{^osihg  the  letters  in  question  are  different^  then  the 
intercalations  may  be  termed  similar;  btit  if  the  same,  theti  the  intercalations  may  be 
termed  contrary. 

15.  In  the  first  cislde,  that  is  when  the  intercalations  are  similar,  tlie  two  together 
form  the  intercalation  of  the  circuit;  the  sum  of  their  numbers  of  letters  (that  ig  twice 
the  sum  of  their  iiidices)  will  be  evenly  dVe'n,  and  the  half  of  this,  or  stim  of  the  indices, 
^will  be  the  index  of  the  circuit;  each  intercalation  will  be  (+P—  0  or  else  each  will  be 
(-P+Q);   and  the  circuit  wiU  be  (+P-0)  or  (-.P+^)  accordingly. 

In  the  second  case,  that  is  when  the  intercalations  are  contrary,  they  counteract  each 
other  in  forming  the  intercalation  of  th6  drcuit:  it  is  the  difference  of  the  nilmbers  of 
letters,  or  twice  the  difference  of  the  indicies,  which  is  eveiily  even,  and  the  half  of  this, 
or  difference  of  the  indices,  whicb  is  the  index  of  the  circuit:  one  intercalation  is 
(-I-P—  g),  and  the  other  is  ^  — P+  Q)i  and  the  circuit  will  agree  with  that  which  has  the 
larger  index. 

In  particular  if  the  circuit  coiisist  of  a  single  unclosed  trajectory,  taken  forwards  and 
backwards;  then  the  trajectory  taken  one  way  is  (+P— Q),  taken  the  other  way  it  is 
'\^pj^  Q)»  the  number  of  terms  is  of  course  equal,  and  the  circuit  is  (P0)o- 
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16.  Consider  now  two  circuits  ABC  A  and  ACDA,  having  a  common  portion  CAy  or, 
more  accumtely,  the  common  portions  AQ  and  OA :  write  down  in  order  the  intercalations  of 

ABO,    GA,    AC,    CDAx 

the  two  mean  terms  destroy  each  other,  and  we  can  hence  deduce  the  intercalation  of  the 
entire  drcoit  ABCDA. 

Suppose  first,  that  ABC  and  CD  A  are  similar ;  then  if  C4  is  similar  to  ABC  it  is  also 
similar  to  CDA,  that  is  AC  is  contrary  to  CDA :  and  so  if  CA  is  contrary  to  ABC,  then 
AC  is  similar  to  CDA. 

To  fix  the  ideas  suppose  CA  similar  to  ABC,  but  AG  contrary  to  CDA,  then  ABCA 
is  similar  to  CA\  but  ACDA  will  be  similar  or  contrary  to  AG,  i.e.  contrary  or  similar 
to  CA,  that  is  to  ABCA,  according  as  index  oi  AC  >  ox  <  index  of  CDA. 

Suppose  Ind.  AC  <  Ind,  CD  A,  then  ACDA  is  similar  to  ABCA. 
InA  AB  CDA  « Ind.  ABC+  Ind.  CDA, 
JjiA.ABCA    =Ind.^J50+Ind.^(7, 
Indi.  ACDA    =  Ind.  GZ)^  -  Ind.  ^C, 
and  thence  Ind.  ABCDA  «Ini  ^504  +  Ind.  ACDA, 

the  whole  circuit  being  in  this  case  similar  to  each  of  the  component  ones. 

But  if  Ind.  4 (7 >  Ind.  CDA,  then  ACDA  is  contrary  to  ABCA. 

Ind.  ABCDA ^In^.  4B(7+Ind.  CDA, 

Ind.  ABCA    « Ind.  4B(7+ Ind.  CA, 

Tnd.  ACDA    ^ ^ Ind.  CDA +Iad.  AG, 
and  thence  Ind.  ABCDA  =  Ind.  ABCA  -  Ind.  A  CDA, 

and  the  investigation  is  like  hereto  if  CA  is  contrary  to  ABC  but  AC  similar  to  CDA. 

17.  Secondly,  if  ABC  and  CDA  are  contrary,  then  if  CA  is  similar  to  ABC  it  is 
contrary  to  CDA,  that  ia  AC  ia  similar  to  00-4 ;  and  so  if  C4  is  contrary  to  ABC  it  is 
similar  to  CDA,  that  is  AC  is  contrary  to  CDA. 

Suppose  CA  similar  to  ABC,  and  wi(7  similar  to  CDA;  then  jIBCM  is  also  similar 
to  ABC,  and  -4(72)4  similar  to  CDA;  viz.  450,  CA  and  4LBG4  are  similar  to  each 
other,  and  contrary  to  AC,  CDA,  ACDA  which  are  also  similar  to  each  other. 

Ind.  ABCDA  =  Ind.  ABC'-  Ind.  CDA, 
Tnd.  ABCA    =  Ind.  4J5(7+ Ind.  CU, 
Ind.  ACDA    « Ind.  (72)4  + Ind.  4(7, 
and  thence  Ind.  ABCDA  =  Ind.  ABCA  -  Ind.  4  C72)4, 

and  the  investigation  is  like  hereto  if  (74  is  contrary  to  ABC  and  4(7  contrary  to  CDA. 
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18.  It  thus  appears  that  in  every  case 

Iad.ABCDA^Ind.ABGA  +  hid.ACDA, 
orchid.  ABCA-^Jnd.ACD A, 

acoording  as  the  component  circuits  are  similar  or  contrary,  and  in  the  latter  case  the  entire 
circuit  is  similar  to  that  which  has  the  largest  index. 

Moreover,  any  circuit  whatever  can  be  broken  up  into  two  smaller  circuits,  and  these  again 
continually  into  smaller  circuits  until  we  arrive  at  the  before-mentioned  elementary  circuits,  and 
the  theorem  as  to  the  number  of  roots  within  a  circtdt  is  true  as  regards  these  elementary 
circuits;   wherefore  the  theorem  is  true  as  regards  any  circuit  whatever. 

19.  In  the  case  where  a  trajectory  is  a  finite  right  line,  y  is  a  given  linear  function 
of  a,  or  the  coordinates  x,  y  can  if  we  please  be  expressed  as  linear  functions  of  a 
parameter  u,  so  that  as  the  describing  point  passes  along  the  line,  u  varies  between  given 
limits,  say  from  i^^^O  to  u^l.  The  functions  P,  Q  thus  become  given  rational  and 
integral  functions  of  a  single  variable  u  (or  it  may  be  a;  or  y),  and  the  question  of  the 
P-  and  Q-  sequence  and  intercalation  relates  merely  to  the  order  of  succession  of  the 
roots  of  the  equations  P^^O,  Q  =  0,  where  P  and  Q  denote  functions  of  a  single  variable 
as  above.  To  fix  the  ideas  let  the  trajectory  be  a  line  parallel  to  the  axis  of  x\  and  in 
this  case  taking  x  as  the  parameter,  and  supposing  that  y^  is  the  given  value  of  y,  P  and 
Q  are  the  functions  of  x  obtained  by  writing  y^  for  y  in  the  original  expressions  of  these 
functions.  Of  course  the  theory  will  be  precisely  the  same  for  a  line  parallel  to  the  axis 
of  y:  and  by  combining  two  lines  parallel  to  each  axis  we  have  the  case  of  a  rectangular 
circuit.  We  require,  for  each  side  of  the  rectangle  considered  according  to  its  proper  cur- 
rency, the  intercalation  PQ,  QPy  PQP  or  QPQ  as  the  case  may  be,  and  also  the  sign  -f 
or  —  of  the  initial  letter  of  the  first  intercalation;  for  then  writing  down  the  intercalations 
in  order,  with  the  signs  for  the  several  letters,  +  and  —  alternately  (the  first  sign  being 
+  or  —  as  the  case  may  be),  we  have  or  deduce  the  intercalation  of  the  circuity  and  thus 
obtain  the  value  of  the  difference  of  the  ntunbers  of  the  included  right-  and  left-handed 
roots.  We  thus  see  how  the  whole  theory  depends  on  the  case  where  the  trajectory  is  a 
right  line. 

Jn^ca2a^{on-^%.eory /or  a  right  line.     Articles  Nos.  20  to  31. 

20.  Considering  then  the  case  where  the  trajectory  is  a  line  parallel  to  the  axis  of  a?, 
P  and  C'will  denote  given  rational  functions  of  x\  the  curves  P=0,  Q  =  0  being  of  course 
each  of  them  a  set  of  right  lines  parallel  to  the  axis  of  y :  the  regions  will  be  bands  each 
of  them  included  between  two  such  lines ;  and  colouring  them  as  explained  in  the  general 
case,  the  colours  will  be  as  before,  sable,  gules,  argent,  azure,  each  region  having  in  the 
neighbourhood  of  the  trajectory  (what  we  are  alone  concerned  with)  the  same  colour  that  it 
bad  in  the  original  case  where  P  and  Q  were  functions  of  {Xf  y).  We  may  regard  the 
tngectory  as  described  according  to  the  currency  oss^qo  to  a;">  +  co:  we  have  in  regard 
to  the  trajectory  a  P-  and  Q-  sequence,  and  intercalation,  a  ±  P-  and  Q^  sequence,  &c,  as  in 
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the  original  case.  The  intercalation  may  be  as  before  FQ,  QP^  PQP  or  QPQ,  and  in 
each  of  these  cases  it  may  be  positive,  that  is  (+P-0,  or  else  negative,  that  is  (-P+^). 

21.  The  question  of  sign  may  in  the  present  case  be  disposed  of  without  difficulty.  For 
the  initial  point  of  the  trajectory,  we  know  the  signs  of  P,  Q,  that  is  the  colour  of  the 
region:  suppose  for  example  that  we  have  P  =  — i  Q»+9  or  that  the  region  is  gules:  then 
if  the  intercalation  begin  with  P,  this  means  that  we  either  first  pass  a  red  line,  or  before 
doing  so  we  pass  an  even  number  of  blue  lines :  but  in  the  last  case  the  colours  are  sable 
gules  sable  gules,...  always  ending  in  gules ;  and  the  passage  over  the  red  line  is  gules  to 
argent,  viz.  this  is  +P;  and  so  in  general  the  initial  P  or  Q  of  the  intercalation  has  the 
sign  opposite  to  that  of  the  P  or  Q  belonging  to  the  commencement  of  the  trajectory. 

22.  For  the  solution  of  the  problem  we  connect  with  P,  Q  a  set  of  functions  i2,  8^ 
T,  &c. :  the  intercalation  is  in  fact  given  by  means  of  the  gain  or  loss  of  changes  of  sign 
in  these  functions  on  substituting^  therein  the  initial  and  finsJ  values  q(  the  variable  x.  It 
is  convenient  to  consi<ier  the  functions  as  arr^mged  in  a  column 

P' 

Q 

B 

8 

say  this  is  the  column  PQBS...,  ^d  to  connect  tl^erewith  a  signaletic  bicolumn:  viz.  the 
left-hand  column  is  here  the  series  of  signs  pf  1/bese  functions  fpr  the  initial  value  of  w,  and  the 
right-hand  column  is  the  series  of  signs  for  the  tenx^nal  value  of  a:  the  bicolumn  thua 
consisting  of  as  many  rows  each  of  two  signs,  as  there  are  functions.  But  such  a  bicolumn 
may  be  considered  apart  froiA  a^y  series  of  functions,  as  a  set  pf  rows  each  of  two  signq 
taken  at  pleasure. 

We  say  that  the  ''gain"  of  a  bicolumn  is 

a— (No.  of  changes  of  sign  in  left-hand  column)  +  (No.  in  right-hand  ditto), 

the  gain  being  of  course  positive  or  negative ;  and  a  negative  gain  being  regarded  as  a 
loss.  Also  if  a  positive  gain  be  converted  into  an  equal  negative  gain  or  vice  "versd,  we 
may  speak  of  the  gain  as  reversed. 

23.  A  bicolumn  may  be  divided  in  any  manner  into  parts,  taking  always  the  last  row 
of  any  part  as  being  also  the  first  row  of  the  next  succeeding  part.  This  being  so,  the  gain 
of  the  whole  bicolumn  is  equM  to  i]^  mta  of  the  gains  of  its  parts. 

In  a  bicolumn  of  two  rows,  if  we  reverse  either  row  (that  is  write  therein  —  for  + 
and  +  for  — ),  we  reverse  the  gain:  and  hence  dividing  a  bicolumn  into  bicolumns  each  of 
two  rows,  viz.  first  and  second  rows,  second  and  third  rows,  and  so  on,  it  at  once  appeaia 
that  if  we  reverse  alternate  rows  (viz.  either  the  firsts  third,  fifth,  &c.,  rows,  or  the  second, 
fourth,  sixth,  &c.,  rows)  we  reverse  the  gain.  It  of  course  follows  that  reversing  all  the 
rows,  we  leave  the  gain  unaltered. 
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24.  If  to  any  bicolumn  we  prefix  at  the  top  thereof  the  secpnd  row  reversed,  we. either 
leave  the  gain  unaltered  or  we  alter  it  by  ±  1.  In  fact,  aa  regards  either  oolumn^  if  this 
originally  begin  with  a  change,  the  process  introduces  no  change  therein ;  but  if  it  begins  with 
a  continuation,  then  the  process  introduces  a  change.  Hence  if  the  columns  begin  each 
with  a  change  or  each  with  a  continuation,  the  gain  is  unaltered:  but  if  one  begins  with  a 
change,  and  the  other  with  a  continuation,  then  the  gain  is  altered  by  ±  1  ;  viz.  the  left- 
hand  column  beginning  with  a  continuation  the  gain  is  altered  by  —1,  and  the  right-hand 
column  beginning  with  a  continuation  the  gain  is  altered  by  +!• 

The  column  PQR8T...  is  taken  to  satisfy  the  following  conditions:  two  consecutive 
terms  never  vanish  together  (that  is,  for  the  same  value  of  the  variable) :  if  for  a  given 
value  of  the  variable,  any  term  vanishes,  the  preceding  and  succeeding  terms  have  then 
opposite  signs ;  the  last  term,  say  F,  is  of  constant  sign. 

25.  Considering  P,  Q  as  given  functions  without  a  common  measure,  such  a  column 
of  functions  is  obtained  by  the  well-known  process  of  seeking  for  the  greatest  common 
measure,  reversing  at  each  step  the  sign  of  the  remainder:  viz.  we  thus  derive  a  set  of 
functions  B^  8,  T,,,  where 

* 

the  degrees  of  the  successive  functions  R,  8,  T,  ...,  being  successively  less  and  less,  so  that 
the  last  of  them,  say  F,  is  an  absolute  constant :  or  we  may  stop  the  process  as  soon  as  we 
arrive  at  a  function  F,  the  sign  of  which  remains  unaltered  for  all  values  between  the  initial 
and  final  values  of  the  variable.  It  may  be  observed  that  the  process  may  be  regarded  as 
applicable  in  the  case  where  the  degree  of  Q  exceeds  that  of  P:  viz.  we  then  have  X  =  0, 
fi«  — P,  and  the  column  begins  (P,  C  — P,  5,  ...),  the  subsequent  terms  being,  except  as 
to  sign,  the  same  as  if  P,  Q  had  been  interchanged. 

Reversing  the  sign  of  P  or  Q,  we  reverse  'in  the'  bicolumn  a  set  of  alternate  rows,  and 
thus  reverse  the  gain :  and  reversing  bot^  signs  we  reverse  aU  the  ,rows,<  and  leaye  the  gain 
unaltered — of  course  the  intercalation  (considered  irrespectivelv  of  sign)  ,is  in  each  case  un* 
altered.  It  is  convenient  to  take  the  signs  in  such  manner  that  for  the  initial  value  of  x, 
the  signs  of  P,  Q  shall  be  each  positive :  or,  what  is  the  same  thing,  taking  P,  Q  with 
their  proper  signs,  we  may  in  the  bicolumn,  by  reversing  if  necessary  each  or  either  set  of 
alternate  rows,  make  the  left-hand  column  to  begin  with  the  signs  ++. 

26.  The  complete  rule  now  is — ^for  a  given  trajectory  form  the  bicolumn  for  PQR8..,,  and 
if  necessary,  by  reversing  each  or  either  set  of  alternate  rows,  make  the  left-hand  column 
to  begin  with  +  + :  then  if  there  is  a  gain  the  intercalation  begins  with  P,  if  a  loss  with 
Q,  the  gain  or  loss  showing  the  number  of  ifs.  To  find  the  number  of  0*8  prefix  at  the 
top  of  the  bicolumn  the  second  row  reversed — then  the  gain  or  loss  (equal  to  or  differing 
by  unity  from  the  original  value)  shows  the  number  of  Q*m.  It  may  happen  that  for  P  the 
gain  is  sO;  then  for  Q  the  gain  is  0  or  ±1,  and  the  intercalation  vanishes  or  is  Q. 

Vol.  XII.  Pabt  II.  52 
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27.    I  give  some  simple  examples. 


0     2     4 


J2=    -1 


-  +    + 

-  -    + 


x-S 

0 

2 

4 

p= 

— 

— 

+ 

0= 

x-1 

— 

+ 

+ 

JR  = 

+  1 

+ 

+ 

+ 

Q 


2 


In  the  left-hand  example  taking  the  intervals  to  be  successiyely  0  —  2,  0  —  4,  2-4, 
the  bicolumns  modified  as  above  are 


0- 

-2 

0- 

-4 

2-4 

- 

— 

^M 

+ 

-    + 

+ 

— 

+ 

— 

+    + 

+ 

+ 

+ 

- 

+    - 

+ 

+ 

+ 

+ 

_    _ 

VIZ. 


Interval  0-2;  for  P  gain  -1,  P  first;  for  Q  gain  =0;  Intercalation  is  P; 


2-4 


if 


9f 


'0 


loss    =1; 


Q- 


And  similarly  in  the  right-hand  example  we  have 

0-2     0-4     2-4 


+    ++-+- 
+    -+-+    + 


Interval  0-2  for  P  gain  =     0,    for  Q  gain  «=-l;  Intercalation  is  Q; 

„       0-4       „        „    =-1,  ^firsty      „        „      =-1;  „        „  QP; 

„       2-4        „        „    -  +  1,P  first,      „        „      =     0;  „        „  P. 

28.    Or  to  take  a  slightly  more  complicated  example, 

1     3  5±e  7     9 

P  =  a^-   8a?  +  12  ' 
$=a^-12aj  +  32 
5=-         »+   5 

S=  +1 


+  -  -  +  + 

+  +  -  -  + 

+  +  T  -  - 

+  +  +  +  + 


Q 
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And  hence  for  the  several  intervals, 


405 


1-8 

1-6 

1-7 

1-9 

3-6 

3-7 

3-9 

6-7 

6-9 

7-9 

-    — 

-    + 

-    + 

—    — 

-    + 

-    + 

—    — 

—   — 

-    + 

-    + 

+    - 
+    + 
+    + 
+    + 

+  +  +  + 
+  +1    1     1 

+  +  +  + 
+    11    + 

+  +   1    + 
+  +  +  + 

+   1   +1  + 
+  +   1    + 

+   1   +  + 
+  +   1    1 

1    +  +  + 
+  +   1    + 

1    H-  +    + 
1     +   +     1 

1     1    +    1 
+  +  +1    1 

+    + 

+    - 

Showing  P 

FQ 

PQP 

PQPQ 

Q 

QP 

QPQ 

P 

PQ 

Q 

For  instance 

Interval  1-9  for  P  gain  =2,  P  first,  for  Q  gai^  =2:  Intercalation  is  FQPQ. 
It  may  be  added  that  P  being  +  for  a?  =  1,  the  i  intercalation  is  +  PQPQ. 

29.    As  an  example  of  circuits  take  the  following:  curves  are  P=0,  Q  =  0,  where 

P«a^  +  y«^4, 

<2  =  y-a?-i; 


viz.  P=0  (see  figure)  is  a  circle,  centre  the  origin,  radius  =2:  the  inside  here  of  (P=-) 
being  coloured  red:  and  Q^O  is  a  right  line  cutting  the  axes  of  w,  y  at  the  points 
(- 1,  0)  and  (0,  1)  respectively,  or  say  running  N.E,  and  S.W.,  the  lower  region  (Q  =  — ) 
being  coloured  blue :  the  square  is  an  arbitrary  circuit  (a;  ss  ±  3,  y  rs  f  3)  surrounding  the 
circle,  and  the  regions  within  the  square  are  coloured  by  what  precedes  sable,  gules,  azure, 
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argent^  as  shown  in  the  figure :  the  line  and  circle  intersect  ia  two  points  M,  N,  and  going 
right-handedly  round  these  respectively,-  for  M  the  order  is  sable^  gules,  argent,  azure,  viz. 
if  is  a  right-handed  root;  while  for  N  the  order  is  sable,  azure,  argent^  gules^  viz.  N  is 
a  left-handed  root:  the  two  points  are  accordingly  in  the  figure  denoted  by  +Jf  and  —N 
respectively. 

30.  Now  considering  successively  the  four  smaller  squares  of  the  figure,  say  these  are 
the  squares  N.E.,  S.K,  S.W.,  N.W.:  and  going  right-handedly  round  each  of  these: 

In-  the  square  N.K,  the  sequence  and  therefore  also  the  intercalation  is  +  P—  Q  +  P—  Q, 
viz.  this  is  an  intercalation  (+P^Q),  showing  an  excess  1  of  right-handed  roots,  and  of 
course  consisting  with  the  single  right-handed  root  M, 

lA  the  square  S.K,  the  sequence  is  —P  +  P,  viz.  this  is  an  intercalation  (POoi  showing 
an  equality  of  right  and  lefb-handed  roots,  and  consisting  with  no  root. 

In  the  square  S.W.,  the  sequence  and  therefore  also  the  intercalation  is  —P  +  Q  —  P  +  Q: 
viz.  this  is  an  intercalation  (—P  +  Q\i  showing  an  excess  1  of  left-handed  roots,  and  con- 
sisting with  the  single  left-handed  root  N. 

And  in  the  square  N.W.,  the  sequence  is  --Q  +  P^P+Q,  viz.  this  is  an  intercalation 
(PQ)o»  showing  an  equality  of  right  and  left-handed  roots,  and  consisting  with  no  root. 

Again  take  the  whole  large  square:  the  sequence  is  —  Q  +  Q:  viz.  the  intercalation  is 
{PQX,  showing  an  equality  of  right  and  left-handed  roots,  and  consisting  with  there  being 
one  of  each. 

So  taking  the  squares  N.E.  and  N.W.  conjointly,  the  sequence  and  therefore  also  the 
intercalation  is  — Q  +  P  — Q  +  P,  viz.  this  is  an  intercalation  (+ P  — Q)„  as  for  the  single 
square  N.E. 

31.  As  regards  the  analytical  determination  it  will  be  sufficient  to  consider  a  single 
square,  say  N.E.:  going  rotmd  right-handedly,  the  trajectories  will  be 

(1)  a?«0,  y*0  to  8. 

(2)  y  =  3,  0?  -  0  to  a 

(3)  iBte3,  y  =  3  to  0;  or  if  y'«-y,  then  y'«-3  to  0. 

(4)  y  =  0,  fl?«8  to  0;   or  if  aj'  =  -aj,  then  aj'  =  -3  to  0. 
And  we  thus  have 


(i)p» 

J2- 


0 

3 

0 

8 

y»_4 

- 

+ 

,  that  is 

- 

+ 

y-1 
-1 

+ 

+ 

+ 
+ 

** 

0     8 


0     8 


(2)  P=    a?+5 


+ 
+ 

+ 

,  that  is 

— 

+ 

+ 

+ 

+ 

— 

for  P  gain  fi=-l,  Q  begins,  IP; 
„    Q      „     =-1,  „  IQ; 

wherefore  intercalation  is  QP, 
or  since  at  origin  P=— ,  5as-, 
or  region  is  sable,  it  is  ..Q^p. 


for  P  gain  =     0, 

„   Q   »    =-1. 

Intercalation  is  ^Q. 
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5=       -1 
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-3    0  -3    0 

,  for  P  gain  »  0, 
..  Q  ,,  =0. 
lateitealation  vanishes. 
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(4)  P«    aj'*-4 
5-        +1 


+ 

+ 

,  that  is 

— 

— 

+ 

+ 

+ 

+ 

-3    0 

-3    0 

+ 
+ 

+ 

,  that  is 

- 

— 

+ 
+ 

+ 

•  + 

+ 

,  for  P,  gain  =  + 1,  P  first, 

„   Q    „   =    0. 

Intercalation  is 


+  P. 


Henoe  ior  the  four  sides,  combining  the  intercalations^  we  have  —  Q  +  P—  Q  +  P,  and 
since  there  are  no  terms  to  be  omitted,  this  is  the  intercalation  of  the  N.E.  square :  which 
is  light. 

The  Mizic  Thecny.    Articles,  Nos.  32  to  38. 

82.  Consider  now  F(z)^{:^){z,iy  a  rational  and  integral  function  of  z,  of  the 
order  n  with  in  general  imaginary  (complex)  coefficients,  or,  what  is  the  same  thing, 
let  J^(«)  =*/(»)  + 1^  W>  where  the  fimctions  /,  ^  are  real*  Writing  herein  «  =  a?  +  ty, 
let  P,  Q  he  the  real  part  and  the  coefficient  of  the  imaginary  part  in  the  function 
F{a)  +  %y)i    or,  what  is  the  same  thing,  assume 

then  it  is  dear  that  to  any  root  a  +  0  (real  or  imaginary)  of  the  equation  F{z)ssO, 
there  corresponds  a  real  intersection,  or  root>  fl?  =  a,  y  =  /8,  of  the  curves  P=0,  ^=0. 
The  functions  P,  Q  as  thus  serving  for  the  determination  of  the  roots  of  the  equation 
jP(«)  =  0,  are  termed  "rhiric  fimctions,"  and  similarly  the  curves  P  =  0,  QsO  are  "rhizic 
curves."    The  assumed  equation  shows  at  once  that  we  have 


or,  what  is  the  same  thing. 


idj^'  +  {dj^\  or  (d,Qy+(dM, 


And  we  hence  see  that 

d(P,Q) 

is  positive:  viz.  that  the  roots  PsO,  QssO  are  all  of  them  right-handed  (the  essential 
thing  is  that  they  are  same-handed;  for  by  reversing  the  signs  of  P  and  Q  they  might 
be  made  left-handed:  but  it  is  convenient  to  take  them  as  right-handed):  hence  the 
theorem — ^which  in   the  general   case,  P   and  Q  arbitrary  fimctions,  serves  to  determine 


^  It  ifl  assnmdd  thai  the  eqnalion  i^(f)=0  has  no  equal  toots :  this  hemg  so,  the  onrves  P  =  0,  Q  =  0,  wiU  haye  no 
point  of  multiple  inteneotion ;  whioh  aoooidswith  the  assomption  made  in  the  general  case  of  two  arbitrary  curres. 
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the  difference  of  the  numbers  of  the  right  Itnd'  left-handed  roOts-^iii  the  particular  case 
where  P  and  Q  are  rhizic  functions  serves  to  determine  the  number  of  intersecti(»i8  of  the 
curves  P=0,  Q  =  0:  or,  what  is  the  same  thing,  tne  number  of  the  (real  or  imaginary) 
roots  of  the  equation  F{z)^0:  viz.  we  thus  determine  the  number  of  roots  within  a 
given  circuit. 

83.  The  rhizic  curves  P=0,  0  =  0  have  various  properties.  1*.  Each  curve  has  n 
real  points  at  infinity,  or,  what  is  the  same  thing,  n  real  asymptotes:  and  the  P  and  Q 
points  at  infinity  succeed  each  other,  a  P-point  and  then  a  Q-point,  and  so  on  alternately. 

In  fact  from  the  equation 

writing  herein  a'  +  ia"  =  a  (cosa  +  isina),  and  a? +  ty=sp  (cosd  +  tsin^,  we  have 

P  + 1 Q  =  op*  [cos  (nd  +  a)  + 1  sin  (wd  +  a)  ]...  +  *'  +  A"» ; 
and  it  thus  appears    that   for  the  curve  P^O,  the  points  at  infinity  are  given  l^  the 
equation    cos  {nd  +  a)  =  0,  while    for    the    curve    Q  =  0    they  are   given    by    the    equation 
sin  (n5  +  a)  =  0 :    which  proves  the  theorem. 

.   Representing   infinity  as   a   closed   curve   or    circuity  each   point  at.ilifinity  must  be 

represented    by  two    opposite    points    on    the  circuit;    so  that  writing  down  P  fpr  e^h 

P-^point  and  Q  for  each  Qrpoint  we  have  2n  P*8  and  2n  Q's  succeeding  each  oth^r,  a 
P-point  and  then  a   Q-point,  and  so  on  alternately. 

It  may  be  assumed  that  taking  the  circuit  right-handedly,  th^  1^4  are^  +  tatd  -the  0*8— » 
(this  depends  only  on  the  colouring,  but  it  corresponds  with  the  foregoing  assumption 
that  the  roots  P=0/  Q^O  are  right-handed):  the  theorem  just  obtained  then  reaUy 
is  that  for  the  circuit  infinity,  the  intercalation  is  (+P— Q)^:  and  we  have  herein  a 
proof  of  the  theorem  that  a  numerical  equation  of  the  order  n  with  real  or  imaginary 
coefficients  has  precisely  n  real  or  imaginary  roots.  But  the  force  of  this  will  more 
distinctly  appear  presently. 

34.  2".  Neither  of  the  curves  P^O,  Q^O  can  include  as  part  of  itself  a  closed 
curve  or  circuit. 

The  foregoing  relations  between  the  differential  coefficients  give 

rf/p+rf/p«o,  d.'<2+rf;g-o, 

which  equations  for  the  two  curves  respectively  lead  to  the  theorem  in  question*  For 
as  regards  the  curve  P^O,  tad^e  g  a  co-ordinatQ  perpendicular  to  the  plane .  of  xry,  and 
consider  the  surface  z^P:  if  the  curve  Pt^O  included  as  part  of  itself  a  dpsed  curve, 
then  corresponding  to  some  point  {x,  y)  within  the  jcurve  we  should  have  z  a  proper 
maximum  or  minimum,  viz*  there  would  be  a  summit  or  an  imit;  at  the  point  in 
question  we  should  h&VQdJP  ^Q,  d^Q^^)  ai^d  also  (as  the  condition  of  a  summit  or 
imit)  d^P.d^P'-{dJLyP)^^^y  implying  that  d/P  and  d/Phave  at  this  point  the  same  sign; 
but  this  is  inconsistent  with  the  foregoing  relation  d^P  +  d^P  s  0. 
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35.  3^  The  curves  F^Qi,  Q^O  have  not  in  gcaieial  any  double  (or  higher  multiple) 
points*  A  point  whioh  ia  a  double  (or  higher  multiple)  point  on  one  of  these  curves 
is  net  of  nisceasity  a  point  on  the  other  curve:  but  being  a  point  on  the  other  curve 
it  is  on  that  curve  a  point  of  the  same  multiplicity.  For  changing  if  necessary  the 
po-ordinatesy  the  point  in  question  may  be  taken  to  be  at  the  origin:  forming  the , equation;! 

P+t(^*(a'  +  a^•)(a?+ty)^..  +  (A'  +  r^)(aJ  +  ^y)•+(r  +  ^^l(aJ  +  t^^ 

the  point  a?=sO,  y-^O  will  not  be  a  double  point  on  the  curve  P=0,  Unless  we  have 
m'ssOy  2'sO|  r^sO;  these  conditions  being  satisfi^d^  it  will  not  be  a  point  on  the  curve 
(05=0  unless  also  m"aaO;  but  this  being  so,  it  will  be  a  double  point  on  the  curve  Q^O: 
and  the  like  for  points  of  higher  multiplicity.  But  a  point  which  is  a  multiple  point 
on  each  curve,  represents  four  or  more  coincident  intersections  of  the  curves  P  =  0,  Q=0, 
that  is  four  or  more  equal  roots  of  the  equation  F{z)^0;  so  that  assuming  that  the 
equation  has  no  equal  roots^  the  case  does  not  arise:  and  we  in  fiftct  exclude  it  from 
consideration. 

To  fix  the  ideas  assume  that  the  curves  P^O,  Q^O  are  each  of  them  without  double 
points.  As  already  seen>  neither  of  them  includes  as  part  of  itself  a  closed  curve.  Hence 
in  the  figure  the  curve  P—0  must  consist  of  n  branches  each  drawn  from  a  point  P 
in  the  circuit  (viz.  the  circuit  infinity)  to  another  point  P  in  the  circuit;  and  in  such 
manner  that  no  two  branches  intersect  each  other:  this  impUes  that  the  two  points  P 
of  the  same  branch  must  include  between  them  an  even  number  (which  may  of  course 
be  =0)  of  points  P.    And  the  like  as  regards  the  curve  Q^O. 

36.  i\  No  branch  of  the  P-curve  can  meet  a  branch  of  the  ^-curve  more  than 
once.  In  fact  drawing  the  two  branches  to  meet  twice,  the  colouring  would  at  once 
show  that  of  the  two  intersections  or  roots,  one  must  be  right,  the  other  left-handed : 
whence,  the  roots  being  all  right-handed,  the  branches  do  not  meet  twice.  And  in  exactly 
the  same  way  it  appears  that  no  P-^branch  can  meet  two  Q-branches,  or  any  ^branch 
meet  two  P-branches.  And  under  these  restrictions  it  requires  only  a  consideration  of  a 
few  successive  cases  to  show  that  the  n  P-branches,  and  the  n  Q-branches  can  only  be 
drawn  on  the  condition  that  each  P>^branch  shall  intersect  once  and  only  once  a  single 
Q-branch;  which  of  course  implies  that  each  Q-branch  intersects  once  and  once  only  a 
single  P-branch:  and  farther,  that  there  shall  be  precisely  ^  intersections:  viz.  the  n 
P-branches  and  the  n  Q-branches  must  satisfy  the  conditions  just  stated.  And  the  theorem 
of  the  n  roots  is  thus  obtained  as  a  consequence  of  the  impossibility  (except  under  the 
same  conditions)  of  drawing  the  n  P-branches  and  the  n  Q-branches,  so  as  to  give  rise 
to  right-handed  roots  only.  But  the  case  of  double  or  higher  multiple  points  would  need 
to  be  q>ecially  considered. 

37«  It  is  interesting  for  a  given  value  of  n  to  consider  ^  (n)  the  number  of  different 
ways  in  which  the  P-branches  and  the  Q-branches  caa  be  drawn.  We  have  2n  points  P 
and  271  points  Q,  in  all  47i  points:  starting  from  any  point  P,  these  may  be  numbered  in 
order  1,  2,  3,  ...4n^  the  points  P  bearing  odd  numbers  and  the  points  Q  even  numbers. 
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We  may  consider  the  P-branch  which  joins  1  with  some  P-point  /8,  and  (intersecting  this) 
the  Q-branch  which  joins  some  two  Q-points  a  and  y:  the  numbers  lafiy  are  then  in  order 
of  increasing  magnitude:  and  excluding  these  four  points  there  remain  the  points  corre* 
spending  to  nimibers  between  1  and  a,  between  a  and  fi,  between  fi  and  7^  and  between 
7  and  1.  Now  since  the  P-branch  Ifi  meets  the  Q^branch  07,  no  branch  from  a  point 
between  1  and  a  can  meet  either  of  these  curves;  hence  these  points  form  a  system  by 
themselves^  capable  of  being  connected  together  by  P-branches  and  Q-branches :  the  number 
of  them  must  therefore  be  a  multiple  of  4 :  and  the  like  as  to  the  points  between  a  and  0, 
between  /3  and  7,  aud  between  7  and  1.  Taking  the  number  of  the  points  in  the  four 
systems  to  be  4a?,  4y,  4iz,  and  4sw  respectively,  we  have  x  +  y  +  z-^w^n^l,  and  the  first 
mentioned  four  points  bear  the  numbers 

1 

a  =  4aj  +  2, 

/8  =  4a?  +  4y  +  3, 

7  as  4a?  4- 4y  +  4«  +  4. 

For  the  four  systems  the  number  of  ways  of  drawing  the  P-  and  Q-branches  are 
^»  4^9  4^>  4>^  respectively :  that  is  x,  y,  ss^  to  being  any  partition  whatever  of  n  —  1 
(order  attended  to),  and  ^  (0)  being  =  1,  we  have 

which  is  the  condition  for  the  determination  of  <lm. 

Taking  then  0  for  the  value  of  the  generating  function 

l  +  «0(l)  +  f^(2)...+  <"^(n)+.,., 
it  hereby  appeaxs  that  we  have 

or  writing  this  for  a  moment  O^u-^tO^j  and  expanding  by  Lagrange's  theorem,  but 
putting  finally  u  ^  1,  we  have  the  value  of  0,  that  is  of  the  generatiug  function, 

-t+wi+[8]'i^j+Wi^, +[*»rn|:r»+- 

«1+        t+  4^+  22^+        140^+..., 

that  is  *(1)  =  1>    *(2)  =  4,    ^(3)-22,    ^(4)  =  140,... 

,             „                           ...      [inT'^         4n.4n^l...37H-2 
and  generally  ^^^^^'^^^    * i.S...n ' 

The  results  are  easily  verified  for  the  successive  particular  cases  ;  thus  ?i » 1,  the  points 
are  1,  2,  3,  4,  and  the  P-  and  Q-branches  respectively  are  13,  24:  ^(I)  =  l.  Again 
n»2,  the  points  are  1,  2,  3,  4,  6,  6,  7,  8:  we  may  join  13,  24  or  13,  28  or  17 1  S8  or 
17,  68,  leaving  in  each  case  four  contiguous  numbers  which  may  be  joined  in  a  single 
manner:  that  is  ^(2) -4.  Or,  what  is  the  same  thing,  the  partitions  of  1  are  0001,  0010; 
0100, 1000,  whence  <^  (2)  =  4  {<l>  (O)}'  ^  (1) «  4.    Again  n  =  3,  the  partitions  of  2  are  0002,  &c; 
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(4  of  this  form)  and  1100  (6  of  this  form):  that  is  ^(3)=:4{<^(0)}X2)  +  6  {<^(0)r{f^(l)}*, 
=  4.4  +  6.1  =  22,  and  so  on. 

38.      Starting  from  the  4n  points  P  and  Q,  and  joining  them  in  any   manner  sulyect 
to  the  foregoing  conditions,  we  have  a  diagram  representing  two  rhizic  curves ;   and  colour- 


ing the  regions  we  verify  that  the  n  roots  are  all   of  them   right-handed.      We   have  for 
instance  the  annexed  figure  (n  =  3). 

Having  drawn  such  a  figure  we  may  by  a  continuous  variation  of  the  several  lines,  in 
a  variety  of  ways  introduce  a  double  point  in  the  P-curve,  or  in   the    Q-curve  :    and  by  a 


continued   repetition   of   the  process  introduce  double  points  in  each  or  either  curve:   tlius 

for  instance  we  may  from  the  last  figure  derive  a  new  figure  in  which  the  P-curve  has  a 
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node  at  JV.  It  will  be  observed  that  here  it  is  no  longer  the  case  that  each  P-branch 
intersects  one  and  only  one  ^-branch:  the  P-branch  1  —  9  does  not  meet  any  Q-branch, 
but  the  P-branch  7  —  11  meets  two  ^-branches.  But  looking  at  the  figure  in  a  different 
manner,  and  considering  the  P-branches  through  N  as  being  either  ll-jBT-l  and  7-^-9, 
or  1-^-7  and  d-N-ll,  then  in  either  case  each  P-branches  intersects  one  and  only  one 
Q-branch :  and  in  this  way,  in  a  diagram  in  which  the  two  curves  have  each  or  either  of 
them  double  points,  but  neither  curve  passes  through  a  double  point  of  the  other  curve, 
the  theorem  may  be  regarded  as  remaining  true — we  in  fact  consider  the  diagram  as  the 
limit  of  a  diagram  wherein  the  curves  have  no  double  points.  It  will  be  recollected  that 
the  equation  F{z)  being  without  equal  roots,  we  cannot  have  either  curve  passing  through 
a  multiple  point  of  the  other  curve.  And  we  thus  see  that  the  various  figures  drawn  as 
above,  without  double  points  are,  so  to  speak  the  types  of  all  the  different  forms  of  a 
system  of  rhizic  curves  P=0,  ^=0. 


In  connexion  with  the  present  paper  I  give  the  following  list  of  Metnoirs: — 

Cauchy.  Calcul  des  Indices  des  fonctions.  Jour,  de  VEccle  Polyt.  t  xv.  (1837) 
pp.  176 — 229.  First  part  seems  to  have  been  written  in  1833 :  second  part  is  dated 
20  June,  1837.  Refers  to  a  memoir  presented  to  the  Academy  of  Turin  tfae  I7th  Nov.  1831, 
wherein  the  principles  of  the  '^  Calcul  des  Indices  des  fonctions "  are  deduced  from  the  theory 
of  definite  integrals :   I  have  not  seen  this. 

Sturm  and  LionyiLLE.  Demcmstration  d'un  theor^me  de  M.  Cauchy  relative  aux  racines 
imaginaires  des  equations.    lAouv.  t.  I.  (1836)  pp.  278 — 289. 

Sturbl    Autres  demonstrations  du  meme  theoi-feme.    Do.  pp.  290 — 308. 

These  two  papers  contain  proofs  of  tiie  particular  theorem  relating  to  the  roots  of  an 
equation  F{z)^0,  but  do  not  refer  to  the  general  theorem  relating  to  the  intersection  of 
the  two  curves  P  =  0,  Q  =  0:  the  special  theorem  of  the  existence  of  the  n  roots  of  the 
equation  F{z)  =  0  is  considered. 

Sylvester.  A  theory  of  the  Syzygetic  relations  of  two  rational  integral  functions,  com- 
prising an  application  to  the  theory  of  Sturm's  functions  and  that  of  the  greatest  algebraical 
common  measure.     Phil.  Trams,  t.  CXLm.  1853,  pp.  407 — 648. 

De  Morgan.  A  proof  of  the  existence  of  a  root  in  every  algebraic  equation,  with  an 
examination  and  extension  of  Cauchy's  theorem  on  imaginary  roots,  and  remarks  on  the 
proofs  of  the  existence  of  roots  given  by  Argand  and  Mourey.  Camb.  PhU.  Trans,  t.  x. 
(1858). 

Contains  the  important  remark  that  the  two  curves  P  =  0,  Q^O  are  such  that  two 
branches,  one  of  each  curve,  caimot  inclose  «  space ;  also  that  the  two  curves  always  [i.e.  at 
a  simple  intersection]  intersect  orthogonally^ 

Amr,  Q.  B.  Suggestion  of  a  proof  ^  the  theorem  that  eveiy  algebraic  equation  has  a 
root.     Camb.  Phil.  Tra/ns.  t  x.  (1859). 
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Cayley,  A«  On  a  proof  of  the  theorem  that  every  algebraic  equation  has  a  root.  Phil. 
Mag.  t.  xvin.  (1859),  pp.  436—439. 

Walton,  W.  On  a  theorem  in  maxima  and  minima.  Quart.  Math.  Jaur.  t.  x.  (1869) 
pp.  253—262.  Cayley,  A-    Addition  thereto,  pp.  262—263.  (Relates  to  the  curves  P=  0,  Q  =  0.) 

Walton,  W.  Note  on  rhiaic  curves.  Quart.  Math.  Jour.  t.  XL  (1870)  pp.  91—98. 
First  use  of  the  term  "rhizic  curves:"  relates  chiefly  to  the  configuration  of  each  curve  at 
a  multiple  point,  and  of  the  two  at  a  common  multiple  point. 

Walton,  W.   On  the  spoke-asymptotes  of  rhizic  curves.   Q.  M.  J.  t.  xi.  (1871)  pp.  200 — 202. 

Walton,  W.  On  a  pr(q)erty  of  the  curvature  of  rhizic  curves  at  multiple  points.  Do. 
pp.  274—281. 

BjorLING.  Sur  la  separation  des  racines  d*equations  algebriques.  Mem.  cPUpsal  (1870) 
pp.  1 — 35.     (Contains  delineations  of  some  rhizic  curves.) 
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II.  On  ike  Inequalities  of  the  Earth's  Surface  viewed  in  connection  with  the  secular 
cooling.  By  Rev.  Osmond  Fisher,  M.A.,  F.G.S.,  F.G.P^S,  late  Fellow  and 
Tutor  of  Jesus  College. 

[Read  December  1,  1873.] 

In  a  paper  which  1  read  before  this  Society  in  1868,  I  attributed  the  elevating  force 
which  has  raised  mountain-ranges  to  the  contraction  of  the  heated  interior  of  the  earth, 
and  consequent  wrinkling  of  the  crust  so  as  to  accommodate  itself  to  the  diminished  nucleus. 
This  was  an  old  hypothesis ;  but  I  believe  the  amount  of  horizontal  pressure  produced  by 
that  means  had  not  been  estimated  before.  I  shewed  that  it  is  equal  at  the  earth's  surface 
to  the  weight  of  a  piece  of  rock  of  the  same  section  as  the  stratum,  and  2000  miles  long ; 
enough  to  crumple  up  and  distort  any  tocks*,  and  I  also  proved  that  a  still  greater 
horizontal  pressure  than  this  would  be  produced  at  any  moderate  depth.  Towards  the 
conclusion  of  the  paper  I  made  a  rough  estimate  of  the  dimensions  of  the  mountains  which 
such  a  process  might  produce,  upon  certain  hypotheses  as  to  the  amount  of  compression 
and  thickness  of  the  crust,  which  on  a  cursory  view  appeared  to  me  probable.  The  object 
of  the  present  paper  is  to  attempt  to  arrive  at  a  more  definite  conclusion  upon  this  part 
of  the  subject. 

In  order  to  render  cleaT  what  follows  1  am  obliged  to  recapitulate  the  substance  of  a 
small  part  of  a  paper  upon  the  formation  of  mountains  which  I  have  already  published  in 
the  Geological  Magazine^. 

Let  ABGD  be  a  layer  of  rock  of  unit  of  width,  length  Z,  and  depth  k.  And  suppose 
the  abutments  sX  AG  and  BD  to  approach  ea^ch  other  through  the  space  le^  where  e  is  a 


See  Pratt*s  Figure  of  the  Earthy  fourth  edition,  p.  203,  note. 


t  Oeol.  Mag,  Vol.  x.  p.  248. 
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small  fraction.     Then  the  layer  of  rock  in  question  would  asstime .  some  new  form,  as  one 
of  those  gi7en  in  the  figure,  or  any  other  whatsoever  possible. 

Let  us  now  seek  for  some  simple  laws  which  must  govern  the  disturbed  strata  in  spite 
of  the  confusion  which  appears  to  reign  among  them.  Let  a,  a,  &c.,  be  the  areas  formed 
by  the  upper  curved  line  above  AB,  and  b,  b,  &c.,  the  areas  formed  by  the  same  line 
below  AB.  It  is  not  necessary  that  the  a's  should  be  equal  to  one  another,  nor  yet  the 
Vs.  They  are  used  simply  to  designate  the  areas  in  respect  of  their  positions.  We  will 
call  AB  "The  datum  level" 

.In  like  manner  let  a,  13  be  similar  areas  for  the  lower  datum  level  CD.  Then  the 
space  included  between  the  curved  lines  must  be  equal  to 

AhCd^kl{l^e). 
It  is  also  evidently  equal  to 

ABCD  +  a  +  a  +  &c.^$  +  l3  +  &(i. 
—  6  —  6  —  &c.  —  a  —  a  —  &c., 
or,  denoting  the  sums  of  the  quantities  of  the  same  sort  by  the  symbol  S,  we  get 

kl(l+e)  =  kl  +  t{a)^%(b)  +  t(j3)^'Z(a). 
.•.Afe  =  2(a)-2(6)  +  2(/8)-2(a).         (1). 

Since  the  pressure  is  supposed  to  take  place  in  a  horizontal  direction,  it  will  not  have 
any  direct  eflTect  to  raise  the  centre  of  gravity  of  the  portion  of  the  crust  under  considera- 
tion; so  that,  if  the  layer  in  question  rest  upon  a  liquid  substratum,  we  may  expect  some 
portions  of  the  disturbed  crust  to  dip  into  the  superheated  rocks.  But  in  that  case  a 
corresponding  volume  of  such  subjacent  rock  must  rise  into  the  anticlinals. 

Hence,  2(a)  =  2()8). 

And  the  equation  becomes  A:fe  ==  2  («)  —  2 1(6). 

In  order  to  render  this  reasoning  applicable  to  the  section  of  a  surface  of  any  form  it 
is  only  necessary  that  the  pressure,  which  causes  the  compression,  should  be  everywhere 
tangential  to  the  surface,  and  that  gravity  should  be  perpendicular  to  it.  Hence  it  is 
applicable  to  the  earth's  surface,  although  that  surface  is  not  strictly  regular,  and  may 
contain  local  elevations  and  depressions  afifecting  the  mecm  figure  (that  is  the  figure  as 
unaffected  by  corrugation),  which,  though  of  small  amount  as  compared  to  the  dimensions 
of  the  earth,  may  be  large  as  compared  with  the  quantities  of  which  we  have  to  take 
cognizance  in  this  investigation. 

But  the  above  suppositions  cannot  represe^nt  accurately  what  has  occurred  in  nature. 
For  they  assume  the  upper  and  under  parts  of  the  crust  of  the  earth  to  have  been 
compressed  horizontally  by  the  same  amount.  In  reality  compression  must  have  gone  on 
gradually  ever  since  a  solid  crust  was  first  formed,  and  must  be  greatest  at  the  upper 
datum  level  We  must  therefore  consider  e  to  be  the  mean  coefficient  of  compression. 
In  the  next  place  it  will  be  necessary  to  extend  our  considerations  from  a  section  of  unit 
of  horizontal  thickness  to  any  proposed  area  of  the  earth's  surface,  and  eventually  to 
that  of  the  whole  globe. 
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A  cleax  conception  of  what  will  then  be  the  upper  "  datum  level  **  i&  important.  It  will 
be  an  imaginary  surface  which  occupies  the  position  that  the  surface  of  the  crust  would 
occupy  at  the  present  time^  had  it  he^i  perfectly  compressible  in  &  horizontal  direction ; 
so  that  no  corrugations  would  have  been  formed  in  it. 

As  soon  as  elevated  tracts  had  once  been  formed  by  the  corrugation  of  the  cooled 
crust,  all  the  material  above  the  datum  level,  however  distributed,  must  have  been  derived 
from  matter  originally  beneath  it,  and  subsequently  raised  above  it.  As  often  as  farther 
compression  of  the  crust  has  taken  place,  every  fresh  addition  to  the  simi  total  of  the 
quantity  of  matter  above  the  datum  level  must  have  accrued  by  the  elevation  of  matter 
from  below  it.  For  the  matter  which  was  already  above  it^  however  freshly  corrugated,  or 
rearranged  by  water  action,  or  otherwise,  cannot  have  been  thereby  altered  in  quantity. 
Moreover  each  additional  contraction  will  have  acted  upon  a  crust  thicker  than  it  was  before 
on  account  of  its  having  become  in  the  meanwhile  solid  to  a  greater  depth. 


We  have  hitherto  confined  our  symbola  to  a  vertical  section  of  the  earth's  crust  of  unit 
of  widtL  We  will  now  extend  them  to  a  portion  of  the  crust  whose  length  is  I  and  width 
w,  and  the  depth  k;  e  and  e'  being  the  mean  coefficients  of  compression  in  the  directions 
of  length  and  width.     Then,  if  we  neglect  the  product  ee',  our  equation  will  become 

where  A  and  B  are  now  the  volumes  of  the  elevations  above  and  depressions  below  the 
datum  level. 

If  in  this  equation  we  put  ta»l  and  ^  =  0,  it  reduces  to  our  former  equation. 

If  we  put  e  —  e'  we  get 

2klwe^tiA)^l.{B) (A), 

which  we  may  take  as  the  general  expression  corresponding  to  any  area  of  the  surface. 

The  tendency  of  the  corrugations  over  a  given  area  will  be  to  form  two  systems  at 
right  angles  to  one  another,  thus  relieving  the  whole  compression.  Where  one  corrugation 
intersects  another,  we  shall  have  a  part  of  the  volume  common  to  both.  But  physically 
the  same  space  cannot  be  occupied  by  two  distinct  volumes  of  rock.  Hence  at  every  such 
intersection  there  must  be  an  increase  of  altitude  in  the  ridges  sufficient  to  contain  within 
the  contour  an  additional  volume  equal  to  the  common  portion.  This  appears  to  occur 
in  nature  where  a  peak  often  occupies  the  place  of  intersection  of  two  ranges,  as  if  the 
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denudation  which  has  shaped  out  the  mountains  has  had  a  greater  amount  of  matter  to 
remove  in  such  a  situation. 

The  result  expressed  by  the  equation  may  be  extended  to  the  whole  globe  by  con- 
sidering its  surface  composed  of  elementazy  rectangular  areas,  and  summing  them;  whence 

87j«^fe  =  2(^)-S(5).. (B). 

In  which  expression 

r  is  the  radius  of  the  -earth  measured  to  the  present  position  of  the  datum  level. 

Jc  is  the  present  thickness  of  the  cooled  crust. 

e  is  the  mean  total  linear  compression  of  the  crust. 

2  {A)  is  the  volume  of  tbe  total  elevations  above  the  datum  leveL 

2  {B)  is  the  volume  of  the  total  depressions  below  it. 

And  7r«3'141S9. 

It  is  worthy  of  remaik,  tihat  tbe  relation  between  lateral  compression  and  elevation 
expressed  by  the -above  equation,  ^B),  in  no  way  depends  upon  the  arrangement  of  the  disturbed 
rocks,  nor  upon  the  time  at  which  the  successive  movements  have  takchi  place,  nor  upon 
whether  or  not  subsequent  denudation,  or  any  other  mode  of  action,  has  redistributed  the 
elevated  matter.  Nay,  even  if  %y  human  agency  excavations  have  been  made,  their  results 
will  be  included  in  our  equation,  which  is  perfedtly  general  and  true,  so  long  as  it  is  strictly 
interpreted.  It  requires  also  in  particular  to  be  noticed  that  it  is  not  assumed  that  moun- 
tain-ranges need  be  anticlinals.  All  that  is  assumed  is  that  they  are  carved  out  of  tracts 
elevated  as  a  whole  by  kteral  pressure. 

This  appears  to  be  the  proper  plaoe  for  ^considering  the  manner  in  which  the  results  of 
the  deposition  of  sediment  over  a  limited  area  would  enter  our  equation.  Qeologists 
believe  thick  deposits  to  have  been  aocumulated  upon  sinking  areas,  and  attribute  the 
subsidence  of  the  area  to  the  weight  of  the  deposit  itself.  If  rocks  plastic  from  heat, 
or  any  other  cause,  ^eome  within  a  moderate  distance  of  the  surface  this  is  possible.  But 
the  displacement  of  such  plastic  matter  from  beneath  the  new  deposit  must  cause  the  rise 
of  an  equal  volume  somewhere  else,  so  that  if  the  terms  of  our  equation  were  in  any  way 
affected  (which  would  depend  upon  whether  the  effect  extended  below  the  datum  level)  it 
would  be  by  an  addition  to  the  term  S03),  and  a  consequent  equal  addition  to  2(a),  and 
their  sum  would  be  zera  So  that,  as  abready  intimated,  our  equation  will  include  any 
such  effect  of  denudation  %mA  the  resultiug  deposition. 

Such  an  action  as  has  been  just  referred  to  would  produce  a  slight  amount  of 
crumpling  in  the  strata^  biit  only  a  very  slight  one,  unless  the  new  deposit  sunk  through 
some  subjacent  strata,  uid  pressed  them  sideways  out  of  its  way^  as  I  have  shewn  has 
happened  in  the  contorted  drift  of  Norfolk*  But  it  is  only  possible  for  this  to  have 
happened  where  the  deposit  produces  a  vexy  much  greater  pressure  upon  the  area  which 
it  occupies,  than  the  rocks  displaced  by  it  did ;  that  is  when  it  is  veiy  much  thicker  than 

•  Geol  Mug,  VoL  v.  p.  660. 
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they  were.  And  it  is  clearly  impossible  that  it  should  elevate  any  displaced  strata  to 
a  greater  altitude  than  its  own,  which  is  necessarily  limited  to  that  of  the  sea-level 
where  the  deposit  is  going  on.  The  test  of  such  a  mode  of  action  would  be  to  enquire 
whether  any  portion  of  the  strata  which  ought  to  lie  beneath  the  thick  deposit  can 
be  discovered  in  a  contorted  condition  abutting  upon  it. 

Thus  far,  for  the  sake  of  perfect  generality,  it  has  been  assumed  that  the  disturbed 
upper  strata  rest  upon  a  liquid,  or  at  least  a  plastic,  substratunx.  In  what  follows,  the 
enquiry  will  be  made  whether  this  condition  of  the  subjacent  rocks  is  probable.  And 
the  method  taken  will  be  to  consider  whether  the  contrary  supposition,  that  the  sub- 
jacent  rocks  are  solid j  will  account  for  the  amount  of  corrugation  which  the  earth  actually 
exhibits. 

If  the  earth  had  cooled  as  a  solid  body,  the  outer  layers  at  any  epoch  having 
attained  their  complete  amount  of  contraction  sooner  than  the  interior,  would  have  been 
too  large  to  fit  the  interior  after  the  cooling  had  proceeded  further.  They  would  there- 
fore become  corrugated.  But  in  this  case  that  corrugation  would  have  necessarily  taken 
place  wholly  in  an  upward  direction ;  and  there  could  be  no  places  where  any  portion 
of  the  surface  could  have  become  depressed  below  the  datum  level.  Hence  upon  this 
hypothesis  we  may  introduce  into  our  datum-level  equation  the  supposition  that  S(£)»0. 
And  it  becomes 

A  little  consideration  will  give  the  following  geometrical  relation: 

The  volume  of  the  Sea  above  the  datum  level  =  the  area  of  the  whole  surface  of  the  globe 
X  the  depth  of  the  datum  level  below  the  sea-level —the  voluvte  of  rock  displacing  water 
between  those  levels. 

Let  iSf=area  of  the  Sea. 
27  =  its  mean  depth. 
Z^axea  of  the  Land. 
W=  volume  of  the  Land. 

c2  =  the  depth  of  the  datum  level  below  the  surface  of  the  Sea,  oonsidering  these   as 
parallel. 

Now  the  volume  of  rock  displacing  water  between  the  datum  level  and  the  sea- 
level  will  be  2  {A)  —  Wy  and  since  in  the  case  supposed  2  (-4) « Swr^Ad,  we  shall  obtain  the 
following  relation: 

iaD=(iSf+i;)d-(87iT»&6-  W). 

But  it  is  to  be  observed  that  this  relation  assumes  the  surface  of  the  ocean  to 
be  everywhere  parallel  to  the  datum  level,  which  is  itself  supposed  to  be  parallel  to  the 
original  surface  of  the  globe  when  it  was  first  covered  with  a  solid  crust.  But  the 
distribution  of  the  great  continents  and  oceans,  as  well  as  observations  on  the  plumbline, 
render  it  probable  that  there  is  some  cause  which  makes  the  density  greater  beneath  the 
great  oceans,  and  tends   to  accumulate  the  water  upon  them,  so  that  their  depth  is  greater 
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than  it  would  be  were  that  solely  due  to  a  relative  depression  or  locally  dimiDished  curva- 
ture of  the  sea-bed. 

Let  us  then  call  X  the  accumulated  volume  of  water  in  excess  of  that,  which  the 
oceans  would  contain,  were  their  smfaoe  parallel  everywhere  to  the  datum  level;  retaining 
D  as  the  observed  mean  depth  of  the  sea^  but  using  d  as  measured  £rom  the  supposed 
surface  as  just  defined. 

In  order  to  allow  for  the  accumulated  water,  we  must  correct  our  equation  by  sub- 
tracting X  from  the  actual  volume  of  the  ocean,  so  that 

52>  -  X=  (fif-h  i)  d  -  (STrr'Jfce  -  TT). 

Observing  that  8-\-L  \&  the  whole  area  of  the  globe,  and  therefore  equals  inn*,  and  that 

-^Tj  would  be  the  depth  of  a  layer  of  water  of  the  volume  of  X  if  it  were  equally  spread 

over  the  whole  globe,  which  depth  we  wiU  call  S.     The  above  equation  gives 

«,        ,     «,    voL  of  sea  — voL  of  land 

2ke  —  d+o J— r — rr • 

area  of  the  globe 

The  area  of  the.  ocean  is  estimated  to  be  146  millions  of  square  miles,  and  that  of 
the  land  51  millions*. 

Mr  Carrick  Moore  f  has  shewn  that  Sir  John  Herschel  was  misled  by  an  inaccurate 
expression  in  The  Cosmos  in  his  estimate  of  the  mean  height  of  the  land  being  1800 
feet  J,  and  that  it  ought  to  be  put  at .  half  that,  or  900  feet.  The  average  depth  of  the 
ocean  is  reckoned  at  three  miles,  and  its  volume  at  438  millions  of  cubic  miles.  By 
substituting  these  numbers  we  obtain 


AB  the  datum  level. 

SS  the  sea  level  sapposed  parallel  to  it, 

O  the  actual  surface  of  the  ocean. 

S'S'  the  surface  of  the  accumulated  water  levelled  down. 

Our  next  step  must  be  to  fix  upon  a  value  for  d  +  8.  This  is  the  depth  of  the 
datum  level  below  the  surface  of  an  imaginary  ocean,  which  is  rather  less  deep  than 
the  actual  one. 

Now  it  is  not  probable  that  there  is  any  place  where  the  bottom  of  the  ocean 
coincides  with  the  datum  level  Nevertheless  there  seems  reason  to  think  that  this  will 
approximately   be    the    case    in    the    deeper  parts.     If  this  be  so,   d  +  8  will   not    diflTer 


*  Herschers  Physical  Geography,  second  edition,  p.  19.  f  Nature,  Vol.  v.  p.  479. 

I  Phytieal  Geography,  p.  118« 
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greatly  from  the  measure  of  the  deepest  parts  of  the  ocean,  and  is  not  likely  to  exceed 
it  by  much,  because,  as  already  mentioned,  the  surface  from  which  it  is  reckoned  is  some- 
what lower  than  the  actual  siuface  of  the  ocean. 

K  the  deepest  parts  of  the  ocean  do  not  coincide  with  the  datum  level  they  must 
be  one  of  two  things.  They  must  be  either  depressions  below  it,  belonging  to  the 
series  S  {B),  or  else  they  must  be  the  places  where  the  ocean  bottom  is  least  raised 
above  the  datum  level  That  they  should  be  depressions  beneath  that  level  is  scarcely 
possible  under  our  present  assumption  that  the  earth  has  cooled  as  a  solid;  whence  we 
have  concluded  that  S(5)  =  0.  But  if  we  take  the  other  alternative,  and  suppose  the 
ocean-bottom  to  be  raised  above  the  datum  level,  even  where  the  depths  are  very  great, 
then  we  are  taking  d  +  S  too  small,  and  our  estimate  for  2ke  will  be  too  smalL  And  this 
appears  by  far  the  more  probable  case. 

On  the  whole,  then,  we  may  feel  pretty  well  assured  that  we  are  within  the  mark  if 
we  put  for  d  +  S  the  measure  of  the  more  profound  parts  of  the  ocean.  The  mean  depth 
being  taken  at  three  miles  we  shall  not  be  much  in  excess  if  we  put  d  +  8  aa  equal  to 
four  milea    Our  value  for  2ke  then  becomes 

=  1*  8  miles, 
»  9504  feet  (about), 
a  value  which  is  more  likely  to  be  too  small  than  too  large. 

We  will  now  proceed  to  seek  for  a  probable  value  for  2ke  on  physical  grounds,  in  order 
to  compare  it  with  that  just  found. 

For  this  purpose  we  must  estimate  the  compression,  kle,  corresponding  to  the  present 
thickness  k  of  the  crust  and  to  a  length  I  upon  the  present  surface. 

Let  ABCD  be  a  section  of  a  portion  of  the  crust  of  length  I  and  depth  k.  Then 
e  is   the    mean    coefficient    of    compression   for   the  whole,    which  will    depend    upon   the 


depth  to  which  the  cooling  down  to  the  melting  temperature  under  pressure  has  advanced. 
The  area  which  by  its  having  become  compressed  will  have  gone  to  form  the  corruga- 
tions AFB  will  be  BDE,  in  which  BE  is  the  quantity  by  which  AE  has  been  com- 
pressed, while  CD  has  not  been  compressed  at  all. 

Then  if  BM  s  x,  and  c  =  the  compression  at  the  depth  a, 
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And  the  area  in  question  will  be  I   Icdx, 

Jo 

which  must  be  equal  to  the  area  AFB,  or  to  kle. 
Hence  ke^l  cdx. 

J  0 

We  have  now  to  express  c  in  terms  of  x. 

For  this  purpose  I  avail  myself  of  Sir  W.  Thomson's  paper  *'  On  the  Secular  Cooling  of 
the  Earth/'  using  the  symbols  and  a  modification  of  the  diagram  there  given,  but  not  neces- 
sarily adheriug  to  his  values  of  the  constants.  In  the  event  I  think  it  will  appear  that 
we  must  adopt  some  modification  of  his  views  as  to  the  condition  of  the  globe  at  the  time 
at  which  a  rigid  crust  commenced  to  form,  because  we  shall  find  that  they  lead  us  to  a 
value  of  ike  which  is  not  in  accordance  with  natural  appearances.  Sir  William  Thomson's 
views  are  thus  expressed.  ''The  earth  although  once  all  melted^  or  melted  all  round  its 
Burfece*,  did  in  all  probability  really  become  solid  at  its  melting  temperature  all  through, 
or  all  through  the  outer  layer  which  had  been  melted,  and  not  until  the  solidification  was 
thus  complete  or  nearly  so  did  the  surface  begin  to  coolf" 

The  point  which  is  material  in  the  application  of  his  investigation  is,  that  cooling  is 
to  take  place  by  conduction  and  not  by  convection* 

Diagram  modified  from  Sir  W.  Thomson's  paper  on  the  seonlar  cooling  of  the  Earth.  ON  the  depth  below  the 
exataM^x,  NP  the  excess  of  temperature  at  that  depth  above  the  temperatuxe  of  the  snrfaoesv.  Oq  the  excess  of 
the  melting  temperature  aboye  that  of  the  surface = F» 


V  is  the  melting  temperature  of  rock;  which  Sir  William  Thomson  places  pro- 
visionally at  7000®  Far.,  a  very  high  estimate.  Mr  Mallet  has  shewn  that  the  tempera- 
ture of  slags  run  from  an  iron  furnace  is  less  than  4000®  Far.^ 

,^     F^7000® 
JV^     -88622 


=  7900®  Far. 


*  Dr  Sterry  Hnnt  supports  the  latter  view.    American 
Journal  of  Seience,  VoL  ▼.  p.  264. 

t  SectUar  Cooling  of  the  Earth,  §  («).     Trant.  of  the 


Royal  Society  of  Edinburgh,  1862. 
Tait's  Nat.  Phil,  p.  711. 

i  Tram,  Royal  Soc.  1878,  p.  198, 


Also  Thomson  and 
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The  quantity  a  is  thus  defined :  a  »=  2^Kt,  where  tc  is  the  conductivity  of  rock,  found 
by  Sir  W.  Thomson  to  be  "400  for  unit  of  length  a  British  foot  and  unit  of  time  a 
year."  And  t  is  the  number  of  years  since  the  Earth  became  solid,  which  must  have 
elapsed  in  order  that  the  rate  of  increase  of  temperature  in  descending  into  the  Earth 

should  be 'what  it  is  observed  to  be.     We  learn  (§  p.)  that  NP^-  i   e'^dx. 

When  then  the  rigid  crust  was  commencing  to  form,  the  whole  globe,  or  at  any 
rate  its  outer  portion  to  a  considerable  depth,  was  at  the  melting  temperature  V^  Far. 
represented  on  the  diagram  by  Oq  or  Nn.  At  a  subsequent  time  the  temperature  at 
the  depth  ON  or  x  was  t;^  represented  by  the  ordinate  NP.  Hence  at  that  depth 
cooling  has  taken  place  through  (F— v)^  represented  by  Pn.  Now  the  compression  which 
each  layer  of  the  crust  undergoes  is  caused  by  the  (X)Tntraction  of  all  the  matter  beneath  it 

Let  E  be  the  cubic  contraction  for  V  Far.  Hence  the  layer  of  the  sphere  at  the 
depth  X  whose  area  is  47rr^  and  thickness  hx  will  have  contracted  by  E^Trr^PnBx,  and 
consequently  the  whole  contraction  at  that  depth  will  be  Einrr^jPudx,  where  the  integral 
is  to  be  taken  from  x=^x  to  that  depth  to  which  contraction  has  taken  place.  We 
may  neglect  the  change  in  r  for  a  moderate  depth,  since  it  is  multiplied  by  the  small 
quantity  E.  The  diagram  shews  that  the  difference  between  the  actusd  and  the  melting 
temperature  at  the  depth  2a  becomes  srnall.     It  is  Fx*00468.' 

*   Generally  Pn  =  F-^['e"^d» 

*<-')-g(?)'**-} 

6/       \af       \     la? 

.    ,,,1        1      fl5**'     .    ) 
The  general  term  of  the  series  is 

Suppose  the  superior  limit  of  the  integral  to  be  2a.    Then  this  becomes 

1      o*"-t-l 

(-l)-6,-^^ — =.. 
^       '     \n^'k'  1 

And  tihe  next  term  to  this  will  be 

"^""•^^'^|^n2(n  +  l)4-l 

And  the  sum  of  the  two  tem^ 

-(     ^\'hT^(!^±}L-,l-\ 

■    ~^"  ^     |n+lV2»+l     2n  +  Z) 

=  (    lytg**'     27t*-3n-l 
.       .  ^~  '    In-fl  (2n+l).(2n  +  3r 
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In  order  to  obtain  a  value  of  the  contraction  at  the  depth  x,  which  we  are  assured 
is  larger  than  the  truth,  we  will  take  the  integral  from  x  =  a  to  x^2a  for  the  contraction 
to  that  depth,  and  add  the  contraction  of  all  below  on  the  assumption  that  it  continues 
to  the  centre  as  great  as  it  is  at  the  depth  2a. 

We  indll  therefore  consider  the  whole  cubic  contraction  at  the  depth  a?  to  be 

Pndx  +  ^  g       Fx  -00468, 
where  r'  =  r  — 2a. 

But  what  we  want  is  the  linear  compression  of  the  shell  in  a  horizontal  direction  at 
this  depth, '  and  that  will  be*  the  same  as  the  linear  contraction  of  a  spherical  surface 
at  the  same  depth*  We  will  therefore  find  the  mean  contraction  of  the  whole  below  that, 
as  if  the  contraction  was  equally  distributed  throughout  its  volume. 

Suppose  ^'  to  be  the  mean  coefficient  of  contraction  of  the  sphere  below  the  given 
depth  X. 


3^1 


Therefore        -F  ^^  «  E4s7rr^  j    Pndx  +  E  ^^  V  x  00468. 


Hence  E' =^^ p Pndx  +  UVx  -00468  nearly, 

and  the  coefficient  of  linear  contraction,  which  is  that  of  compression  for  the  next  overlying 
shell,  is  one  third  of,  this, 

or  c  =  ^[    Pn da? +  g-E?Fx -00468  nearly. 
The  entire  compression  of  the  sheU,  or  ke,  which  equals  I  cdx,  will  therefore  be  less  than 

^j  (^T Phdx)  dx +  ^EVx '00468  fldx. 

And  because  the  melting   temperature  is    nearly  reached  at  the  depth  2a,   we  may 
take  that  for  the  thickness  of  the  corrugated  crust    So  that 


ke<y  p  fpJPndx^dx  +  Y^Vx'OOieS. 


In  this  expression  n^2  will  give  the  third  and  fourth  terms  of  the  series;  n  =  4,  the  fiftii  and 
sixth,  &Cf  ^ 

The  sum  of  the  two  first  terms  of  the  series  is  *- 0*666666.  Making  n  suocessively  2,  4,...  18 
(for  which  last  value  the  first  significant  digit  will  not  occur  before  the  7^  place  of  decimals),  we 
get  for  the  sum  of  the  first  20' terms 

1-648749  -  0-666666  *=  0-892083, 
whence  at  the  depth  2a,  Fn  =  F-  i  x  0-882083,    /wheri  6  =  —j^ , 

^/-     0-882083\       ^  ^ 

=  Fx  0-004^8. 
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la  whioh  expression 

After   a   somewhat   tedious   calculation   the  value   of  the   factor   under   the  sign  of 

integration  comes  out 

F2a'-a»6xr549800.» 

*   It  has  been  already  proved  that 

a(      3cr     1.2  a* 

■^^~   ^[n2»+12n  +  2  a"  *]' 

The  general  term  of  the  series  is 

I-  IN-*  i  1  „.  M"" 

^      '  o|»(2»+l)(2n  +  2)'*  W 


-^~*^  ***[^(2n  +  l)(2n+2)W      * 


Taking  2a  as  the  supteior  limit  of  the  integral,  the  general  term  becomes 

(-l)*«*j^(2»+l)(2»  +  2) 

=  (-!)•«*  5  (2„+l)(„+l) 

Ati<I  ptttting  9»  + 1  f or  n  the  next  term  to  this  ivill  be 

1       2*'*" 

And  the  som  of  the  two  terms 

/    ix.^i!l^/_J_  2'  ) 

^~*^  '*1«+212^+T     (»  +  2)(2n  +  3)/ 

/    ,x._x2-*'     2n--(n-2)  ,.. 

=<"^"°*i;r;i(2»+i)(2»+3) ^^'• 

Giving  to  »  the  series  of  values  2,  4,  6, ...,  14,  we  obtain  fOT  the  som  <rf  the  terms  from 

the  3^  to  the  16^,  both  inclnsiv& 

a5  X  0-0606654. 

Henoe  we  have  for  the  value  of  JPndx,  when  »=2a  (or  at  the  si^eriofr  limit), 
F2a-a6(2-g+  0-606654)  =  Via-ab  k  1-373320 ; 
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Taking  the  observed  late  of  cooliiig  at  ^th  of  a  degree  Far.  per  foot  in  descending, 
the  time  since  the  supposed  solidification  at  7000*  took  place  will  have  been  100,000,000 

_  Y 

years,  and  a  =  2Vi«*  =  400,000  feet»  or  about  80  miles.    And  6  =  t-f^  =  7900". 

.-.    rPndx  =  F(2a- as)  - oJ  x  1-273320 

bj^     1    !«•     1    1    !»•_ 
■*'a(2~3*4a*'^[2'  5"  6a* 

■^^~   ^  l»2»+12n  +  2  a"  '^  }  ' 
.:  jfrPndi^  dee  =  r(2aB- J)  -  l-273320a5«! 

"*'^~  ^^  (^  2n  +  l  2»  +  2  2n+3  a*   ■*■  J' 

Tbe  integral  has  to  be  taken  from  a;  =  0  at  the  snrfitoe  to  that  value  of  x  which  ezpresse!! 
the  tfaicknefM  of  the  rigid  crust  beyond  which  corrugations  will  not  have  been  formed. 

Now  the  melting  temperature  V  is  reacted  within  an  extremely  small  error  at  the  depth  2a. 
We  may  therefore  take  2a  as  the  superior  limit,  and  the  above  quantity  becomes 

r  (  r  Pn«fa)  (fe  =  r(4o*  -  2<0  - 1  -273820  x  2a*b 

al2-3^^      3.4.5~^    |2*5*6'7    a* 

^      '[»(2n+l)(2»  +  2)(2n  +  3)     o"         j' 

of  which  aeries  the  general  term  after  simplification  becomes 

2****  1 

(-  ^y  "'^|„  + 1  (2n  + 1)  (2n  +  3)  * 

and  the  next  to  it  -  (-  l)"a'6- 


w  +  2(2n+3)(2n  +  5)' 


and  their  sum,  after  HKiuction,     (^  1)  ^^  |^  (2n-H)(2n^3)(2n.f  5)^ 

This  is  the  sum  of  the  two  corresponding  terms  in  the  former  series  (A)  multiplied  by  the  factor 

2      r  2(n-h2)    ^ 

^^»  +  5r     2w**(»-2)j; 

Giiring  to  n  the  values  2,  4,  6,  ...  14,   we  obtain  for  the  sum  of  the  terms  of  the  series  from 

the  3"*  to  the  l&^y  both  inclusive, 

an  X  0-193840. 

Hence  piCPndxjdx^  r2a'-a'6  x  2-543640 +  a"6r^-j^j-|-^) +  a'5  x  0 

=  r2a«-a*6x  1-549800. 
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With  these  values  of  the  constants  we  obtain  for  the  value  of  our  Integral, 
281100000000000  sq.  feet  =  2811  x  10"  sq.  feet. 

In  order  to  fix  upon  a  value  of  E,  the  coeflScient  of  contraction  for  1"  Far.,  I 
refer  to  some  experiments  on  a  large  scale  conducted  by  Mr  Mallet*.    And  upon  reducing 

E 

his  results  I    find    for  slag   firom   an   iron   furnace   E  =  -0000215/    ¥4ience  -^    the    linear 

o 

contraction  ='000007;  which  does  not  differ  more  than  might  be  expected  from  the  estimates 

made  at  much  lower  temperatures  for  rock  by  Mr  Adief.     It  appears  that  the  integral 

=  4irfF(2  -i^^^)  =  ^idVx  0-2533, 

which  varies  as  the  time  multiplied  by  the  melting  temperature,  as  the  true  value  of 
ke  would  also  do,  if  it  were  fully  integrated.  If  we  take  the  Earth's  mean  radius 
at  20,890,000  feet,'    we    obtain  as  the  final    result    for    the  two   terms    that    he  is    less 

^  To  obtain  the  coefficient  of  contraotion  for  1**  F.  from  Mr  Mallet's  experiments. 

The  cones  of  slag  began  to  solidify  when  the  containing  iron  moulds  were  at  450°  F.  At 
that  time  the  mean  contents  of  the  moulds  was  8231*9229  cubic  inches,  and  the  volume  of  the 
slag  when  measured  at  53*^  F.  was  7700*2303  cubic  inches. 

The  slag  entered  the  cones  at  a  temperature  of  3680^ 

By  Mr  Mallet's  estimate,  founded  on  the  time  in  which  solidification  commenced,  the  solidifica- 
tion commenced  at  about  "3062^  or  say  3000°  F." 

Hence  the  number  of  degrees  through  which  the  temperature  fell  was  3062° -53°  =3009°. 
We  have  therefore  to  determine  E,  the  coefficient  of  cubical  contraction  between  incipient  con- 
solidation and  53°  F. 

7700  =  8232(1-^3009), 

352  -0647 


E  = 


8232  X  3000      3000 
•0000647 


=  •0000215; 


and  ~  =  -0000071. 

'  The  Earth's  mean  radius  in  feet  =  20890000. 

Hence  the  first  term  of  the  quantity  to  which  ke  is  approximately  equal  will  be 

2811  X  10"  X  215 
^  2089  X  10*  X  10^ 

=  289*30  feet 
The  second  term  in  the  value  of  ke  Is  -^EV-OOieS  (^mF,  suppose) 


*  Loe.  ett.,  p.  201.  f  Tram.  Roy.  Soe.  Edin.  Vol  xm.  p.  870. 
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than  289  + 183  feet.  Probably  half  the  value  of  the  latter  term  will  be  a  full  estimate. 
For  among  other  reasons  for  its  being  over  estimated,  it  will  be  perceived  that  the 
contraction  for  the  decrease  of  temperature,  Vx  0*00468,  has  been  attributed  to  the  crust 
whose  depth  is  2a  in  addition  to  what  is  proper  to  it.     We  may  say  then  that 

he  =  380  feet, 
and  ^ke  =  760  feet. 

In  other  words,  if  all  the  elevations  which  would  be  produced  upon  the  above  supposi- 
tions were  levelled  down,  they  would  form  a  coating  over  the  whole  globe  of  less  than  800 
feet  in  thickness.  This  is  an  exceedingly  small  result,  especially  when  we  consider  that 
our  calculation  has  been  conducted  so  as  to  make  the  result  larger,  rather  than  smaller, 
than  the  exact  value  would  be,  if  the  nature  of  the  analysis  admitted  of  that  being  found. 
But  now  if  we  introduce  for  V  the  temperature  which  Mr  Mallet  has  determined  for 
melting  slag,  viz.  4000^  F.,  instead  of  7000^  and  the  corresponding  value  for  t  of  33,000,000 
years*,  the  result  becomes  surprisingly  small  indeed.  For  then,  by  the  rule  of  proportion 
proved  on  the  last  page,  2A;6  =  144  feet  only. 

In  this  case  2a  would  be  about  100  miles. 

In  what  direction  are  we  to  look  for  an  explanation  to  account  for  the  discrepancy 
between  a  value  for  2Are  anywhere  between  these  very  wide  limits,  and  the  value  9504  feet, 
which  we  have  previously  obtained  by  estimating  the  existing  irregularities  of  the  earth's 
siirface ;  for  the  latter  is  from  11*8  to  66  times  as  large  as  the  former  ?  It  does  not 
seem  probable  that  any  error  in  the  values  of  the  melting  temperature  between  those  wide 
limits,  or  in  the  value  of  the  conductivity  on  the  one  hand;  nor  in  estimating  the  mag- 
nitude of  the  irregularities  of  the  earth's  surface  on  the  oth^ ;  can  explain  the  difference. 

=  800000  X  -000007  +  7000  x  -00468 

=  8xl0'x7xl0»x^.x^J? 

8  X  7  X  7  X  468 
10" 
=  183  feet. 

Probably  half  this  value  will  be  a  full  estimate;  for  among  other  things  in  the  calculation 
the  contraction  for  mF  is  attributed  to  the  depth  2a  in  addition  to  what  is  proper  to  it 

^  To  find  the  time  since  the  Earth  was  all  melted,  on  the  suppoeition  that  it  has  cooled  as  a  solid, 
and  that  the  temperature  was  then  4000°  Far.  as  determined  for  slag  in  Mr  Mallef  s  experiments. 

Beferring  to  Thomson's  paper  he,  cU,, 

F     1  -J^ 
36-4^  • 

Taking  ^y  of  P  as  the  rate  of  decrease  at  the  surface  where  a;  =  0,  we  get  from  the  above 

i  =  3Z  millions  of  yean. 
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Very  likely  it  will  be  replied  that  the  great  basins,  shallow  as  compared  to  their  areas^ 
which  are  occupied  by  the  oceans,  are  not  the  troughs  of  great  corrugations,  but  are  de- 
pressions caused  by  vertical  contraction  in  the  direction  of  the  radius ;  in  which  case  tbjey 
would  not  be  contemplated  by  our  datum-level  equation.  It  is  possible  that  this  may  be  so 
to  some  extent,  and  I  have  accordingly  made  a  correction  which  will  help  to  meet  the  case. 
But  if  the  elevated  tracts  which  form  continents  are  due  to  lateral  compression  of  the  crust, 
of  which  I  think  there  can  be  no  doubt,  then  the  depressions  which  are  their  necessary 
correlatives  must  be  sought  beneath  the  oceans.  Were  the  strata  of  the  earth  in  the  main 
horizontally  disposed,  vertical  movements,  however  difficult  to  be  accounted  for,  might 
nevertheless  be  appealed  to.  But  the  generally  corrugated  condition  of  the  more  ancient 
rocks  forbids  us  to  ignore  the  effect  of  lateral  compression  in  elevating  and  relatively  de- 
pressing the  surface.  It  is  thus  that  we  believe  the  areas  to  have  been  raised,  out  of  which 
denuding  agencies  have  modelled  the  present  land,  while  the  depressions  have  served  as 
the   necessary  receptacles  for  the  waste  materials  so  abundantly  removed. 

In  passing  I  may  observe,  that  I  attribute  the  greater  amount  of  corrugation  observ- 
able in  the  older  rocks  simply  to  their  exhibiting  the  accumulated  effects  of  repeated 
compression,  to  which  the  newer  deposits  have  not  been  so  often  subjected.  But  as  regards 
the  original  crust  of  the  earth,  formed  from  the  cooling  of  the  melted  surface,  I  have  shewn 
that  the  compression,  and  therefore  corrugatien,  if  such  has  be§n  produced,  must  diminish 
towards  the  lower  parts. 

The  observed  corrugations  alone  seem  sufficient  to  shew  that  the  amount  of  compres- 
sion, to  which  the  earth's  surface  has  been  subjected,  must  have  been  very  much  greater 
than  the  result  of  our  calculation  can  account  for.  For  instance,  in  Professor  Ramsay's 
restored  sections,  figured  in  the  first  volume  of  the  memoirs  of  the  Geological  Survey,  the 
compression  appears  to  lie  between  ^  and  ^,  while  the  country  through  which  they  are 
carried  is  by  no  means  violently  di^turb^ :  the  rocjcs  consisting  of  the  Old  Red  and  Car- 
boniferous systems.  Were  the  subjq^ent  strata  exposed,  they  might  be  expected  to  exhibit 
greater  flexure. 

It  has  been  shewn  that  the  compression  of  a  shell  at  the  depth  x  is  less  than 


^rjPndx  +  ^EVxO.OOiSS. 


The  copapression  ^t  the  surface  y(i\\  be  obtained  by  putting  oi^.O.  And  then,  with 
the  high  value  of  7000*  F.  for  the  melting  temperature,  we  get  the  compression  less  than 
0'0058,  which  is  nearly  ten  times  as  little  as  that  exhibited  in  the  sections.* 


The  compression  of  the  shell  at  the  depth  x  is  less  than 
^TPndx  +  I^F  X  -00468, 

the  first  term  of  which  =^|r(2a-«)-^V?73520  +  - (series  in  «)|; 


,  .      aV 

where  06=^—7- . 
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It  is  easy  to  find  a  relation  between  2ke  and  the  compression  at  the  surface,  on  the 
supposition  of  the  law  of  cooling  adopted  above.     It  is, 

compression  at  the  surface  _  3 .  6371  ^ 
For  the  compression  at  the  surface  put  x^O,  and  this  becomes 


(F2o-a6x  1-273320) 


J 


faF(2-^fl5) 


=  ^ar(l-8426073) 

.  400000  X  7000  xl|P^ 

4  X  7  X  18964 
10» 

-^=•0053; 
and  the  second  term  s  '00023,  the  two  together  being  less  than  ttttc?.  • 

rr 

*   Compression  at  the  surface     =-2^71-8426073 (1) 

And  2fe=  2f  4<rfr(2-l:^-«)  (3). 

Substituting  its  value  for  Jvy  via.  1-7467,   and  diriding  (1)  by  (2),   we  obtain   the  ratio   in 
the  text. 

Putting  2A^  =  9504  feet, 

t  =  100,000,000  years, 

a=2^ir^=  400000; 

*  *!.                  •        wu       «iu         V  u     3*6  X  3-6371 
we  get  the  compression  at  the  sumce,  which  = ^ — 

_  9504  X  3-6371 
400000 

=  0-08 

If,  however,  we  take  the  lower  value  for  F,  viz.  4000*  Far.,  then 

t  =  33,000,000  years, 

7^^=114890; 
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But  if  we  give  Zke  the  value  of  9504  feet,  as  estimated,  then,  with  the  value  7000*  Far. 
for  V,  the  compression  at  the  surface  comes  out  -j^,  and  with  the  value  4000*  Far.  for  V, 
it  comes  out  nearly  double  that  or  |.  These  values  are  so  large  that  although  they  agree 
well  enough  with  Geological  appearances,  they  would  involve  so  great  an  accompanying 
diminution  of  the  earth's  radius,  amounting  to  from  600  to  300  miles,  and  such  a  diflferent 
former  condition  of  the  interior,  represented  by  the  proportionally  increased  value  of  E,  as 
to  render  the  steps  of  the  above  investigation  manifestly  inapplicable.  Nevertheless  from 
appearances,  I  think  we  must  be  prepared  to  give  up  our  contraction  theory  altogether,  or 
to  admit  a  change  of  dimensions  approaching  to  such  an  amount 

Provided  the  formulae  used  were  applicable,  then  if  we  could  discover  the  mean  com- 
pression at  the  surface  by  observation,  knowing  the  value  of  2ke,  we  should  have  data 
sufficient  for  determining  the  melting  temperature,  the  time,  and  the  coefficient  of  con- 
traction in  the  three  equations : 

-         2  A?6X  3-6371 
compression  at  surface^: ^    — —    (1) 


2V/rf 

dv 

r    — 

•J-Kid 

d>, 
di- 

1 

=  51' 

J^ 

V 

r 

51 

Vir/rf 

ke  = 

■■-^KtVxi 

0-2533    

in  which  at  the  surface  d;  =  U  and 

ax     01' 

1         V 
0'  ^=-7=  (2) 

(3) 

Can  we  then  attribute  the  intense  corrugations  which  meet  our  observation  to  any  other 
source  than  that  of  lateral  pressure  caused  by  a  shrinking  globe?  It  appears  to  me 
difficult  to  conceive  any  other.  No  local  change  in  the  condition  of  the  superficial  strata 
seems  competent  to  produce  a  sufficient  amount  of  extension  in  the  superficial  strata.  I 
cannot  perceive,  as  I  have  already  endeavoured  to  explain,  how  the  deposition  of  thick 
beds  upon  the  sea-bottom  could  efiect  it  by  their  weight,  and  I  have  elsewhere,  I  think, 
proved  that  they  could  not  do  so  by  causing  a  new  distribution  of  heat  within  the  crust*. 
There  is  likewise  much  reason  to  believe  that  consolidation  and  metamorphism  are  accom- 
panied by  a  contraction  in  volume. 


,    ^                  .         9504x3-6371 
and  the  compression  =  — 229780 

9000  X  4 
=  ^30000    ^^^^y 

~230 

=  'lS  nearly 

=  =  nearly. 


*  Oeologieal  Magazine,  Vol.  x.  p.  248. 
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The  supposition  that  the  earth  became  solid  throughout,  or  nearly  so^  before  a  crust 
began  to  be  formed,  necessitates  the  consequence  that  the  contraction,  out  of  ^hich  the 
compression  would  arise^  must  be  almost  wholly  confined  to  the  cooled  upper  portion:  and 
it  is  upon  this  supposition  that  we  have  calculated  its  amount,  and  found  it  so  much 
smaller  than  is  warranted  by  natural  appearances.  If,  however,  we  could  suppose  that  a 
solid  crust  was  formed  upon  the  surface,  long  before  its  interior  parts  had  fallen  to  the 
melting  temperature,  it  seems  that  a  much  greater  amount  of  compression  might  result, 
through  the  contraction  extending  far  below  the  cooled  upper  portion.  The  objection  made 
to  this  view  is,  that  the  crust  would  break  up  as  fast  as  it  formed,  and  sink  into  the 
underlying  fluid  until  the  whole  was  brought  to  the  melting  temperature.  But  Mr  Mallet 
has  shewn,  in  the  paper  already  more  than  once  referred  to*,  that  the  diflference  between 
the  specific  gravities  of  solidifying  and  molten  rock  is  so  small,  being  scarcely  6  per 
cent,  that  when  we  consider  the  intermediate  condition  of  viscosity,  we  need  not  assume 
this  breaking  up  and  sinking  of  the  crust.  And  if  in  its  early  stages  shrinkage  cracks 
did  form,  it  seems  likely  that  the  fluid  which  welled  up  into  them  would  immediately 
solidify  and  seal  them  up.  Scrope  tells  us  that  "the  interior  of  a  lava-stream  often 
retains  a  very  high  temperature  for  a  great  length  of  time  after  its  emission,  continuing 
to  send  forth  vapour  from  its  crevices  and  fumeroles,  and  probably  remaining  liquid,  and 
even   more  or  less  in  motion,  throughout  its  central  and   lower  portion  for  years'!-/' 

Sir  W.  Thomson  clearly  contemplates  the  mode  of  solidification  from  without  inwards 
as  not  impossible,  for  he  says  "If  experimenters  will  find  the  latent  heat  of  fusion  and 
the  variation  of  conductivity  and  specific  heat  of  the  earth's  crust  up  to  its  melting  point, 
it  will  be  easy  to  modify  the  solution  given  above  so  as  to  make  it  applicable  to  the 
case  of  a  liquid  globe  gradually  solidifying  from  without  inwards  in  consequence  of  heat 
conducted  through  the  solid  crust  to  a  cold  external  medium." 

If  this  supposition  is  admissible,  there  may  have  been  a  considerably  larger  nucleus 
enclosed  within  the  crust  in  early  times  than  we  have  at  present,  and  a  great  portion  of 
that  nucleus  may  have  consisted  in  superheated  water,  the  rocks  being  in  a  state  of  igneo- 
aqueous   solution^:   and   much  of  this  water   may  have   been  blown  off  in   steam   during 

*  The  following  remarks  upon  the  above  passage  were  received  from  a  quarter  vhich  disposes 
me  to  place  great  reliance  on  them  : 

"  It  is  probable,  or  rather  certain,  that  water  substance,  if  it  exists  at  great  depths  under 
great  pressure  and  at  high  temperature,  is  neither  a  gas  nor  a  liquid,  being  above  its  critical  point. 

"  In  this  state  substances  are  easily  dissolved  in  it,  not  however  so  much  on  account  of  a 
greater  tendency  to  combine  with  water,  as  on  account  of  a  greater  tendency  of  their  own  to 
dissipation.  At  still  higher  temperature  the  water  substance  becomes  itself  dissociated  into  oxygen 
and  hydrogen.  But  it  does  not  follow  that,  the  dissolved  substances  will  be  precipitated.  The 
magma  may  be  all  the  more  complete  the  higher  the  temperature,  because,  though  the  bonds  of 
affinity  have  fallen  away,  the  prison-walls  prevent  the  elements  firom  escaping.  But  of  all  the 
known  regions  of  the  Universe  the  most  unsafe  to  reason  about  is  that  which  is  under  our  feet." 


*  Phil  Trans.  1878,  p.  160,  §  50.  f  Volcanos,  2iid  Edition,  p.  84,  §  8. 
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▼olcanic  eruptions,  bj  that  means  materially  contributing  to  the  diminution  of  the  volume. 
I  have  suggested  in  my  former  paper  read  before  this  Society,  that  Mr  Sorby's  observa- 
tions on  the  water  enclosed  in  granitic  crystals,  along  with  crystals  of  chlorides,  renders  it 
probable  that  the  steam  emitted  in  eruptions  may  be  a  Constituent  part  of  the  deep- 
seated  rocks,  for  it  is  probable  that  but  a  small  part  of  the  water  contained  in  any 
magma  would  become  confined  in  the  interior  of  the   crystals. 

Here,  however,  the  question  arises  whether  it  would  be  possible  for  a  ciHist  to  form 
over  a  layer  of  molten  rock  in  a  condition  of  igneo-aqueous  fusion.  Would  not  the 
escape  of  the  water  cause  a  state  of  constant  ebullition  which  would  prevent  the  forma- 
tion of  any  crust  until   it  had   ceased  through   the  escape  of  all  the  water? 

The  idea  of  igneo-aqueous  solution  involves  a  condition  of  chemical  combination  between 
the  water  and  the  elements  of  the  rock  such  that  while  that  condition  lasted  there 
would  be  no  tendency  to  separation  between  the  two,  and  evaporation  would  be  in 
abeyance.  We  can  therefore  conceive  that  at  depths  where  the  heat  and  pressure  were 
sufficient  there  might  be  no  tendency  to  evaporation  and  consequent  ebullition,  so  that 
afiber  the  water  had  escaped  to  a  certain  depth  ebullition  would  cease,  and  a  crust  be 
formed;  but  that  more  water  would  be  ready  to  separate  to  a  greater  depth  when  its 
affinity  for  the  rock  became  lessened  through  the  abstraction  of  h^at,  or  diminution  of 
pressure  owing  to  the  crust  being  partially  supported  by  corrugation. 

If  such  was  the  condition  of  the  interior  in  the  early  stages  of  the  cosmogony,  a 
large  portion  of  the  oceans  now  above  the  crust  may  once  have  been  beneath  it,  and 
thus  we  gain  a  novel  conception  of  a  sense  in  which  the  fountains  of  the  abyss  may 
once  have  been  broken  up. 

A  somewhat  analogous  escape  of  elastic  vapour  from  beneath  a  denser  envelope  is 
I  believe    considered  to  be  now  taking  place   in  the  Sun. 

The  comparatively  small  specific  gravity  of  the  earth  as  a  whole,  considering  the 
great  pressure  to  which  its  interior  parts  must  be  subject,  has  been  held  to  prove  that 
it  is  even   now   in   a  state  of  expansion   through  intense  heat*. 

But  the  question  of  its  true  condition  is  surrounded  with  difficulties.  The  suppo- 
sition made  by  Sir  Wm.  Thomson  of  a  cool  nucleus  covered  by  a  sufficiently  deep 
layer  of  molten  rock  is  adopted  by  Dr  Sterry  Huntf,  and  would  afford  the  conditions 
required  by  the  argument  of  this  paper.  It  would  also  afford  the  mean  rigidity  required 
to  meet  the  objection  to  a  fluid  interior  drawn  from  the  absence  of  internal  tides. 
But  it  would  not  account  for  the  small  specific  gravity  of  the  whole,  nor  yet  would  it 
meet  the  argument  from  precession  in  the  form  in  which  it  was  originally  advanced  by 
Mr  Hopkins:  for  a  layer  of  fluid  beneath  the  crust  would  destroy  a  rigid  connection 
between  it  and  the  interior.  This  form  of  the  argument  however  has  been  attacked, 
and   apparently  with   some  success  J.     The  late  Archdeacon  Pratt,  in  defence  of  the  general 


•  Hersohers  Phy9,  Geography,  2nd  Edit.  p.  7.  ♦  American  Journal  of  Science,  Y6L  ▼.  p.  264. 

X  General  Barnard  on  "Problems of  Botaiy  Motion,"  Smithsonian  Contributions,  No.  240. 
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argument  from  precession,  placed  the  matter  in  a  simple  light  in  a  letter  to  Nature  in 
1871*  and  in  that  form  I  think  it  would  be  met  by  the  supposition  of  a  cool  nucleus 
covered  by  a  molten  ocean  with  a  solidified  crust.  But  I  would  invite  attention  to  the 
fact  that  the  conclusions  I  have  arrived  at,  concerning  a  highly  fluid  condition  of  the 
interior,  have  reference  to  an  early  period  of  its  history;  while  the  tests  of  the  tides, 
and  of  precession,  are  confined  in  their  application  to  the  present.  Nevertheless  I  am 
disposed  to  think  that,  at  any  rate,  what  may  be  termed  a  superheated  condition  of  the 
mass  still  exists  at  no  ver^  great  depth  below  the  surface.  By  which  I  mean  that  if  it 
be  solid  the  solidity  is  due  to  pressure. 


•  Nature,  Vol.  nr.  p.  844. 
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III.  On  the  Inequalities  of  the  Earth's  Surface  as  ^produced  by  Lateral 
Pressure,  upon  the  hypothesis  of  a  liquid  substratum.  By  Osmond 
Fisher,  Clk.,  M.A.,  F.G.S. 


[Read  F^.  22,  1875.] 


So  long  ago  as  in  1831,  the  late  Professor  Sedgwick  wrote,  "As  the  earth  has  apparently 
diminished  in  temperature,  we  have  a  right  to  look  for  some  indication  of  a  contraction  of 
its  dimensions.  May  not  some  of  the  great  parallel  corrugations  of  the  older  systems 
of  strata  have  been  produced  by  such  a  partial  contraction*?"  This  theory  is  now 
commonly  accepted^  and  there  seems  no  necessity  for  limiting  its  application  to  the  older 
systems  of  rocks. 

The  principal  difficulties  connected  with  the  inequalities  of  the  earth's  surface  appear 
to  be  with  regard  to  the  basins  of  the  great  oceans.  Were  the  earth  a  perfectly  smooth 
spheroid,  without  any  inequalities  in  its  surface,  even  in  that  case  an  excess  of  density 
in  particular  regions  would  determine  a  flow  of  water  towards  them,  and  it  is  conceivable 
that  dry  land  and  oceans  might  exist,  even  although  the  radial  distances  of  the  land-sur- 
faces and  of  the  sea-bottoms  from  the  centre  of  figure  might  be  perfectly  equal.  That  the 
distribution  of  the  oceans  is  to  some  extent  actually  due  to  such  a  cause  appears  certain; 
for  otherwise  a  whole  hemisphere  could  not  be  almost  entirely  covered  with  water.  On 
this  point  Archdeacon  Pratt  remarks,  "There  is  no  doubt  that  the  solid  parts  of  the 
earth's  crust  beneath  the  Pacific  Ocean,  must  be  denser  than  in  the  corresponding  parts 
on  the  opposite  side,  otherwise  the  ocean  would  flow  away  to  the  other  parts  of  the 
earth."  And  after  explaining  the  reason  for  this  statement  he  adds,  "There  must  there- 
fore be  some  excess  of  matter  in  the  solid  parts  of  the  earth  between  the  Pacific  Ocean 
and  the  earth's  centre,  which  retains  the  water  in  its  place.  This  effect  may  be  produced 
in  an  infinite  variety  of  ways;  and  therefore,  without  data,  it  is  useless  to  speculate 
regarding  the  arrangement  of  matter  which  actually  exists  in  the  solid  parts  belowf/' 
And  Herschel  considers  that  the  prevalence  of  land  and  water  in  two  opposite  hemispheres 
"proves  the  force  by  which  the  continents  are  sustained  to  be  one  of  tumefaction, 
inasmuch  as  it  indicates  a  situation  of  the  centre  of  gravity  of  the  total  mass    of    the 


*  *  On  tlie  general  Btrootnre  of  the  Cambrian  Mountains.' 
Tram*  Oeol.  8oe.,  Jan.  5,  1881.  I  am  indebted  to  Mr 
Bonney  for  tbis  reference. 


t  Figure  of  the  Earth,  4th  ed.,  p.  286.  1871.  A  gieat 
ioe-cap  would  also  have  its  effect.  Bee  GroU's  CUmaU  and 
Time,  Ohaps.  zzm,  zziv. 
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earth  somewhat  eccentric  relatively  to  that  of  the  general  figure  of  the  external  surface — 
the  eccentricity  lying  in  the  direction  of  our  .antipodes :  and  is  therefore  a  proof  of  the 
comparative  lightness  of  the  materials  of  the  terrestrial  hemisphere*." 

A  like  conclusion  as  to  the  greater  comparative  density  of  the  bed  of  the  Ocean, 
was  arrived  at  by  Archdeacon  Pratt  from  the  fact  that  at  seven  Coast  Stations  out  of 
thirteen,  six  being  in  the  Anglo-gallic,  and  one  in  the  Russian  arc,  it  has  been  found 
that  a  deflection  of  the  plumb-line  exists  towards  the  seaf.  "In  fact,"  he  remarks,  "the 
density  of  the  crusib  beneath  the  mountains  must  be  less  than  that  below  the  plains, 
and  still  less  than  that  below  the  ocean-bed.  If  solidification  from  a  fluid  state  com- 
menced at  the  surface,  the  amount  of  radial  contraction  in  the  solid  parts  beneath  the 
surface  of  the  mountain-region  has  been  less  than  in  the  parts  beneath  the  sea-bed. 
In  fact  it  is  this  unequal  contraction  which  appears  to  have  caused  the  hollovvs  in  the 
external  surface,  which  have  become  the  basins  into  which  the  waters  have  flowed  to 
form  the  Ocean."  Latterly,  however,  he  attributed  the  formation  of  mountainous  regions 
to  horizontal  compression  J. 

Mr  Mallet,  in  his  paper  on  Volcanic  Energy,  takes  a  similar  view.  He  thinks  that 
the  land-  and  sea-boundaries  were  shaped  out  by  radial  contraction  during  the  first  great 
stage  of  the  operation  of  refrigeration,  while  the  crust  was  thin  and  flexible,  owing  to 
the  rapid  contraction  of  its  viscous  portion,  which  must  then  have  been  much  thicker  than 
the  solid  sheet  above  it§. 

Mr  Hopkins  appears  to  have  been  opposed  to  such  views  as  maintain  a  difference 
of  radial  contraction;  and  to  have  held  that  lateral  compression  was  the  cause  of  the 
formation  of  the  greater  inequalities  as  well  as  of  the  lesser  ones,  for  we  find  him  in 
discussing  M.  Elie  de  Beaumont's  theories  to  have  used  these  words:  "The  physical  cause 
to  which  our  Author  refers  the  phenomena  of  elevation — the  shrinking  of  the  earth's  crust 
— ^is  that  which  appears  to  me  most  unlikely  to  produce  that  paroxysmal  action  which 
his  theory  so  essentially  requires;  and  most  likely  to  produce  those  slow  and  gradual 
movements  which  it  scarcely  recognizes.  The  actual  depressions  of  the  greed  oceanic  basins, 
and  generally  the  more  widely  extended  geological  depressions  of  the  present  or  former 
periods,  may,  I  think,  be  referred  with  great  probability  to  this  cause ||." 

The  theories  respecting  the  formation  of  the  larger  features  of  the  earth's  surface 
are  discussed  by  Professor  Le  Conte  in  so  lucid  and  unprejudiced  a  style,  that  his 
papers  are  well  worthy  of  study.  The  following  passage  conveys  his  conclusions.  "Moun- 
tain chains  and  mountain  ranges  are  therefore,  I  think,  beyond  question  produced  by 
horizontal  thrust,  crushing  together  the  whole  rock  mass,  and  swelling  it  up  vertically; 
the  horizontal  thrust  being  the  necessary  result  of  secular  contraction  of  the  interior  of 


•  Physical  Geography,  §  13.    1862. 

t  Figure  of  the  Earth,  pp.  200  and  206.    4th  Ed.  1871. 

X  In  the  third  edition  of  the  Figure  of  the  Earth  no 
mention  was  made  of  horizontal  compression,  hut  moun- 
tains were  attrihuted  to  vertical  expansion.  In  the  fourth 
the  author's  estimate  of  the  horizontal  force  of  compression 
is  referred  to. 


§  Tram,  Royal  Society,  1872,  §  52  and  §  60.  Mr 
Mallet's  theory  has  heen  discussed  by  Mr  Sorope  in  the 
Geological  Mag.,  Deo.  ii.  Vol.  i.  pp.  28,  127,  and  by  the 
author.  Journal  of  Geol.  Soc,,  Vol.  xxxi.  p.  469,  and  Phil. 
Mag.,  Got,  1876. 

ii  Presidential  Address  to  the  Geol.  Soc,  1853.  GeoU 
Joum.,  VoL  iz.  p.  iTTiiXn 
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the  earth.  The  smaller  inequalities,  such  as  ridges,  peaks,  gorges,  and  in  fact  nearly  all 
that  constitutes  scenery,  are  produced  by  subsequent  erosion.  I  feel  considerable  confidence 
in  the  substantial  truth  of  the  foregoing  statement  of  the  formation  of  mountain-chains. 
As  to  the  mode  of  formation  of  continents  and  sea-bottoms,  I  feel  less  confidence.  It 
is  possible  that  even  these  may  be  formed  by  a  similar  unequal  yielding  to  horizontal 
thrust,  and  a  similar  crushing  together  and  upswelling.  If  so,  it  would  he  necessary  to 
suppose  the  amount  of  horizontal  yielding  in  this  case  much  less,  but  the  depth  eflfected 
much  greater  than  in  the  case  of  mountain-chains.  But  as  we  find  no  unmistakable 
structural  evidences  of  such  crushing,  except  in  the  case  of  mountain-chains,  I  have 
preferred  to  attribute  the  formation  of  continents  and  sea-bottoms  to  unequal  radial 
contraction*." 

The  last  sentence  of  this  passage  appears  to  invite  the  remark  that  we  cannot 
expect  in  general  to  have  evidence  of  crushing  except  in  those  areas  which  are  open 
to  investigation,  viz.  on  dry  land.  But  there  it  is  not  confined  to  mountain-chains. 
Contorted  strata  are  to  be  also  found  in  what  would  be  termed  level  countries,  often 
covered  with  horizontal  deposits  of  later  datef:  and  this  fact  in  itself  proves  that  these 
contorted  strata  have  been  once  covered  by  an  ocean,  oflTering  a  strong  presumption  that 
there  are  contorted  strata  now  at  the  bottoms  of  the  oceans. 

I  have  lately  sbown,  in  a  paper  read  before  this  Society  in  December,  1873,  that 
if  the  earth  be  supposed  to  have  become  solid  throughout  simultaneously,  and  if  the  sur- 
face of  the  ocean  be  now  parallel  to  what  would  have  been  the  surface  of  the  solid  globe 
if  no  inequalities  of  contour  had  resulted  from  its  contraction  (and  I  call  such  a  surface 
the  datum  level),  then  the  inequalities  produced  by  the  contraction  through  cooling  would 
have  been  very  much  less  than  those  which  actually  exist:  for  I  have  proved  them  to 
be  from  sixty-six  to  eleven  and  a  half  times  as  great  as  they  would  have  been  under  the 
supposed  circumstances,  according  to  what  assumption  we  make  regarding  the  surface- 
temperature  at  which  a  permanent  crust  began  to  form,  between  the  limits  of  4000"  Fahr. 
and  7000"  Fahr.  respectively.  And  I  have  suggested,  as  a  mode  of  accounting  for  this 
discrepancy,  that  the  earth  need  not  have  become  solid  throughout  simultaneously,  and 
consequently  may  have  been  considerably  larger  than  it  is  now  at  the  time  when  a 
fiolid  crust  was  first  formed. 

But  it  is  obvious  that  in  strictness  this  reasoning  fails  if  the  surface  of  the  water, 
to  which  the  inequalities  are  referred,  be  not  parallel  to  what  would  be  the  surface  of 
the  solid  globe,  if  no  inequalities  of  contour  had  resulted  from  its  contr^tction,  that  is 
to  the  ''datum  level";  its  increased  depth  in  the  great  oceans  being  in  that  case  supposed 
due  to  greater  density  beneath  them.  And  therefore  I  have  in  my  investigation  allowed 
a  considerable  margin  to  meet  this  supposition.  But  I  suppose  that  the  soundings  at 
the  edges  of  the  oceanic  basins,  and  indeed  over  their  entire  areas,  will  be  admitted  to 
prove  that  they  are  in  the  main  essentially  depressions. 

It  also  fails — and   this   case   is  more   important — ^if,   in   accordance   with   some  of  the 


•  American  Journal  of  Science,  8rd  series,  Vol.  iy.  p.  462. 1872. 

t  For  example  the  highly  contorted  oarboniferoas  strata  of  parts  of  Belgium. 
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views  already  referred  to,  the  oceans  occupy  depressions  in  the  earth's  surface  produced 
by  unequal  contraction  in  the  radial  direction.  Upon  such  a  supposition  the  view  of 
Archdeacon  Pratt  and  Professor  Le  Conte  appears  to  receive  support  from  my  result; 
for  if  lateral  compression  from  the  cooling  of  a  solid  globe  will  not  account  for  the 
inequalities  of  the  surface,  it  seems  natural  to  c^l  in  to  our  assistance  difference  of 
radial  contraction. 

But  it  appears  to  me  that  the  explanation  of  the  formation  of  oceanic  areas  by 
this  means  (if  mere  cooling  be  its  sole  cause)  is  encompassed  with  more  difficulties  than 
upon  the  other  view  of  compression.  And  these  appear  to  have  struck  Professor 
Le  Conte  himself:  for  later  in  his  paper*  he  says,  "I  am  fully  aware  that  there  are 
some  phenomena  of  movement  of  the  earth's  crust,  which  are  not  explained  by  the 
foregoing  theory.  I  refer  especially  to  those  great  and  wide-»spread  oscillations  whicli 
have  marked  the  great  divisions  of  time,  and  have  left  their  impress  in  the  general 
unconformability  of  strata.  The  last  of  these  great  oscillations  took  place  during  the 
Post-tertiary  period.     I   cannot  explain   these   oscillations." 

That  there  have  been  such  oscillations  of  level  seems  incontestable.  The  same  areas 
have  risen  and  sunk,  again  and  again,  during  the  lapse  of  ages.  The  deposits  of  the 
Appalachian  Chain  we  are  told  attain  a  thickness  of  eight  miles  f.  Consequently  the 
rocks  now  exposed  at  the  localities  where  the  lower  beds  of  the  series  are  at  the  surface, 
must  at  one  time  have  been  some  miles  at  least  below  the  sea-level.  If  that  which  is 
now  dry  land  was  once  so  far  below  the  sea,  it  is  not  only  probable  from  analogy  that 
an  area  which  is  now  sea  was  then  correspondingly  raised,  but  it  is  necessary  that  the 
area  now  occupied  by  sea  must  have  presented  land-surfaces,  in  order  to  have  furnished 
the  detritus  out  of  which  the  rocks  of  the  present  dry  land  were  formed.  And  in  the 
case  of  the  Appalachians,  that  land  has  been  proved  to  have  been  situated  to  the 
Northward,  and  also  the  detritus  to  have  come  "especially  from  a  continental  mass  to 
the  Eastward  J,"  where  the  Atlantic  now  rolls. 

The  Islands  of  New  Zealand,  occupying  a  central  position  in  the  aqueous  hemisphere, 
contain  a  series  of  deposits  analogous  to  those  of  the  northern  hemi8phere§,  whence  it 
follows  that  they  must  have  been  often  submerged  during  periods  when  land-surfaces 
existed  in  what  i&  now  an  extended  ocean,  from  which  lands  the  materials  of  their 
rocks  must  have  been  derived. 

In  considering  this  great  subject,  we  are  at  once  brought  face  to  face  with  the 
vexed  question  of  the  condition  of  the  earth's  interior,  whether  it  be  rigid  or  not.  On 
the  one  hand  we  have  Sir  W.  Thomson's  arguments  ||  for  the  rigidity,  as  deduced  from 
the  amount  of  precession.  And  although  Qeneral  Barnard  has  demonstrated  that  a  fluid 
nucleus  enclosed  in  a  rigid  crust  would  behave  as  a  solid  under  the  action  of  the 
precession  producing  forces  1[,  yet  for  practical  purposes  this  will  not  assist  the  view  which 


•  Loe.  eit,  p.  472. 

t  Hall's  Paleontology  ofKew  Yorki  p.  «7. 
I  Le  Conte,    American  Journal  of  Science^  Vol.  it. 
p.  461 

I  Capt.  F.  W.  Hntton,  Geol  Mag,,  Decade  ii.,  Vol  i., 


p.  27,  note.  See  also  Hoohstetter's  Geology  of  New  Zealand, 
Anokland,  1864. 

II  <  On  the  Rigidity  of  the  Earth,'  Phil,  Tram.,  1864. 

^  Smithsonian  Contributions  to  Knowledge,  No.  240. 
Washington  City,  1871. 
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requires  a  fluid  nucleus,  for  no  crust  can  be  supposed  so  rigid  as  not  to  yield  to  the 
pressure  of  tides  internal  to  it. 

On  the  other  hand,  the  close  accordance  of  the  figure  of  the  earth  with  the  present 
values  of  the  radius,  and  of  the  angular  velocity,  neither  of  which  can  be  considered,  to 
have  been  always  exactly  the  same  as  they  are  at  present,  shows  that  there  is  probably 
some  capability  in  the  matter  of  which  it  is  composed  for  readjusting  itself  when  the  values 
of  these  elements  are  changed.  Combined  with  these  considerations,  we  have  those  which 
point  to  a  very  high  temperature  in  the  interior,  resting  not  only  on  the  observed  increase 
of  heat  in  descending^  but  also,  as  Herschel  has  remarked,  on  the  mean  density,  so  much 
less  than  might  be  expected  when  the  great  interior  pressure  is  taken  into  account.  These 
facts  taken  toget^her  appear  to  give  probability  to  Sir  W.  Thomson's  suggestion,  that  the 
high  rigidity  of  the  interior  may  be  due  to  pressure,  which  may  be  sufficiently  great  to 
enable  it  to  resist  the  deforming  influence  of  the  disturbing  forces  of  the  Sun  and  Moon. 
But  although  we  cannot  conceive  of  unequal  radial  contraction  from  cooling  merely  apart 
from  rigidity,  yet,  on  the  other  hand,  rigidity  will  not  of  itself  render  unequal  radial 
contraction  probable.  If  the  interior  of  the  earth  consists  of  matter  so  highly  heated  that 
it  owes  its  rigidity  to  pressure,  this  seems  to  require  that  if  there  be  inequality  of  con- 
traction, it  must  reside  within  the  limits  of  the  crust,  cooled  below  the  temperature  of 
fusion  for  the  pressure;  that  is^  in  that  portion  in  which  liquefaction  would  not  result  upon 
a  reduction  of  the  pressure. 

If  unequal  radial  contraction  from  eooling  has  taken  place,  it  seems  that  it  must 
have  arisen  from  one  of  two  causes,  or  from  those  two  co-operating,  viz.  firstly,  from  a 
difference  in  the  conditions  of  cooling  under  which  any  two  areas  in  question  have  been 
placed,  or  secondly,  from  a  difference  in  the  constitution  of  the  materials  of  the  globe  at 
those  two  places. 

Now  if  we  take  0'00002  as  the  coefficient  of  contraction  of  rock  for  V  Fahr., 
which  is  what  Mr  Mallet  informs  me  to  be  the  mean,  and  if  we  take  4000®  Fahr.  on 
the  same  authority  for  the  temperature  of  melting  rock,  then  0'08  is  the  coefficient  for 
contraction  from  the  melting  point  to  0**  Fahr.,  and  one-third  of  this,  or  0*027,  that  of 
linear  contraction;.  Hence  it  would  require  a  thicktiess  ef  400  miles  cooled  from  4000*  to 
zero  to  give  rise  to  a  contraction  of  10  miles  upon  any  given  radius,  and  if  upon  some 
other  radius  we  conceive  the  contraction  to  have  been  from  some  cause  or  another  one- 
tenth  more,  then  on  these  suppositions  we  might  have  a  difference  of  contraction  of  one 
mile  upon  the  two  radii  in  question.  The  excessive  extravagance  of  these  assumptions, 
and  the  inadequacy  of  the  result  even  if  we  ignore  the  phenomenon  of  oscillation  of 
level,  sufficiently  prove  that  the  existing  inequalities  of  the  surface  cannot  be  explained 
by  difference  of  radial  contraction  through  cooling.  Nor  is  this  all:  for  in  regard  to  the 
conditions  of  cooling,  it  seems  likely  that  those  areas  which  are  sea  bottoms  would  cool 
more  rapidly,  on'  account  of  the  heat  being  conveyed  away  by  the  ice-cold  water  which 
is  found  at  the  bottom  of  deep  seas.  So  that  the  tendency  from  mere  cooling  would  be 
continuously  to  deepen  the  seas,  without  any  corresponding  cause  to  re-elevat«  their  floors. 
The  supposition  that  the  thick  deposits  which  go  on  at  the  bottom  of  some  seas  may 
act  as  a  "jacket"  and  prevent  the  escape  of  heat,   meets  this  objection  only  to  a  small 
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extent;  first,  because  these  deposits  appear  to  have  taken  place  over  sinking  areas,  and 
to  be  so  taking  place  still  (and  we  can  hardly  attribute  the  stoppage  as  well  as  the 
reversal  of  the  movement  to  a  cause  of  such  slight  potency  as  difference  of  cooling  has 
been  shown  to  be).  And  secondly,  because  the  heat  conducted  into  the  new  deposits, 
and  by  some  relied  upon  to  re-elevate  them,  must  be  abstracted  from  the  couches 
beneath,  so  that  there  can  be  no  absolute  increase  in  the  amount  of  heat  beneath  the 
area  in  question*. 

If  we  now  consider  the  second  cause  capable  of  producing  a  difference  of  radial 
contraction,  viz.  a  diversity  of  the  materials  of  the  globe  at  the  two  places  in  question, 
it  is  palpable  that  this  cannot  explain  osdUatums  of  level  For  that  would  require  the 
materials  to  become  changed  in  their  properties  from  time  to  time,  in  a  manner  highly 
improbable.  Humboldt's  suggestion  of  secular  currents  in  the  interior  to  explain  the 
oscillations  of  level  f  is  directly  opposed  to  the  condition  of  rigidity  of  the  nucleus.  In 
short,  it  seems  that  no  modification  of  the  theory  of  difference  of  radial  contraction, 
arising  from  cooling  merely,  can  be  relied  upon ;  and  it  becomes  important  to  enquire  bow 
far  the  theory  of  lateral  compression,  combined  with  the  hypothesis  of  a  liquid  substratum, 
can  account  for  the  phenomena  of  elevation  and  depression  of  areas  of  the  earth's  surface. 

And  here  it  is  proper  to  notice  a  paper  of  much  interest  by  Professor  ShalerJ,  who 
does  not  appeal  to  radial  contraction,  but  only  to  compression.  He  insists  upon  a  distinction, 
which  he  thinks  ought  to  be  drawn  between  the  corrugations  exhibited  in  mountain- 
ridges,  and  the  broader  features  of  "  continentfiJ  fold  and  oceanic  depression  §."  *'  We  find 
in  continental  folds  broad  curves  of  the  surface,  which  narrow  without  exception  towards 
the  south,  and  which  exhibit  in  no  part  of  their  structure  the  evidence  of  powerful  lateral 
thrust,  which  are  the  most  conspicuous  phenomena  of  mountain-chains."  He  seeks  an 
explanation  of  this  circumstance  by  attributing  the  larger  folds  of  continental  and  oceanic 
areas  to  the  adaptation  of  a  solid  crust  to  a  diminished  nucleus,  and  suggests  that  the 
cause  of  the  corrugations,  producing  mountain-chains,  must  be  sought  in  changes  going 
on  within  the  crust  itself,  and  in  no  way  connected  with  the  regions  below.  If  I  under- 
stand his  meaning,  he  considers  that  there  has  been  formed  a  solid  crust,  of  which  the 
lower  layers  were  formerly  much  hotter  than  they  are  at  present,  and  that  the  tendency 
to  equalization  of  temperature  between  the  lower  and  upper  portions  of  the  crust,  has 
produced  corrugations  most  intense  in  its  upper  layers.  But  besides  this  he  thinks  that  the 
nucleus  within  the  crust  has  shrunk  away  from  the  crust  as  a  whole,  so  that  corrugations 
of  a  wider  and  less  abrupt  character  have  been  produced  in  the  crust  as  a  whole;  these 
wider  folds  forming  the  broader  features  of  continental  fold  and  oceanic  depression. 

In  support  of  his  view,  as  regards  the  contraction  within  the  crust  itself,  he  adduces 
Sir  Wm.  Thomson's  estimate  of  the  secular  diminution  of  the  rate  of  increase  of  heat 
in  descendmg.  But  he  does  not  fully  explain  why  the  nucleus  should  contract  away 
from  the  crust  as  a  whole.     If  the  contraction  be  simply  due  to  loss  of  heat  from  a  solid 


*  See  a  paper  by  the  author,  OeoU  Afag.,  Vol  ^.  p.  261. 

♦  Cotmoi,  Vol.  IV.  p.  19.  Sabine's  Ed. 

t  Reprinted  from  Proe,   Boston  Soe.  of  Nat.  ^Ut-t 


June  6, 1866,  in  GeoL  Mag,,  Vol.  v.  p.  611. 
I  Loe.eit.,  p.  6U. 
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earth,  the  temperature  increasing  continuously  from  that  of  the  surface  to  that  of  solidity 
due  to  pressure,  there  ought  not  to  be  any  abrupt  passage  from  the  rate  of  contraction 
of  the  crust  itself  to  that  of  the  matter  inside  it,  so  that  the  series  ought  to  be  main- 
tained which  this  author  denies  to  exist;  "at  one  extremity  of  which  could  be  placed  the 
greatest  relief  of  continental  fold  and  oceanic  depression,  and  passing  gradually  to  the 
most  inconsiderable  flexures." 

Now  it  is  remarkable  that  while,  upon  calculating  the  amount  of  inequalities  of  the 
surface,  large  and  small,  which  can  be  got  out  of  the  compression  arising  from  the  con- 
traction due  to  cooling,  taking  the  temperature  in  descending  to  increase  according  to 
Sir  W.  Thomson's  law  for  a  solid  globe,  I  have  found  that  it  falls  very  far  short  indeed 
of  that  which  exists ;  yet  I  have  shown  above,  that  we  must,  for  all  that,  look  to  causes 
connected  with  lateral  compression  and  not  to  difference  of  radial  contraction  to  account  for 
these  inequalities., 

I  conclude,  therefore,  that  Professor  Shaler's  idea  is  in  the  main  correct,  although  he  does 
not  distinctly  explain  the  reason  of  the  crust  being  left  behind  by  the  contracting  globe.  He 
holds  that  the  earth  first  solidified  from  the  centre,  and  after  a  time  from  the  surface  also, 
so  that  there  is  probably  at  present  a  thin  layer  of  molten  material  between  the  solidified 
crust  and  a  solidified  interior.  According  to  this  view  all  the  contraction  required  to  make 
up  the  deficiency  between  the  inequalities  as  calculated  for  a  solid  globe,  and  the  inequali- 
ties as  they  exist,  must  be  obtained  from  the  amount  by  which  this  intervening  layer  has 
contracted  since  the  time  when  the  crust  first  solidified.  I  do  not  see  how  this  can  suffice, 
unless  we  invoke  some  further  cause  of  diminution  of  volume,  besides  the  contraction  which 
would  be  due  to  mere  cooling ;  such  as  the  escape  of  gases,  and  of  water  in  the  state  of  steam, 
from  volcanic  vents*.  But  in  any  case  the  conclusions  of  Professor  Shaler  and  myself, 
formed  on  totally  distinct  grounds,  lead  to  the  same  general  result,  viz.  that  there  is  a  solid 
crust,  resting  in  corrugations  upon  a  liquid  or  quasi-liquid  heated  layer.  The  existence  of 
such  a  layer  of  liquid  or  viscous  matter  seems  to  be  rendered  probable  by  the  following 
consideration.  The  increase  of  temperature,  though  rapid  near  the  surface,  becomes  less 
and  less  as  we  descend,  so  that,  if  the  earth  were  once  wholly  melted,  the  temperature  near 
the  centre  is  not  very  greatly  above  what  it  is  at  a  depth  which,  compared  to  the  earth's 
radius,  is  small.  Consequently,  if  it  requires  great  pressure  to  solidify  the  materials  at 
such  a  temperature,  it  is  probable  that  the  melting  temperature  may  be  reached  before  the 
pressure  is  sufficient  to  solidify.  Of  course  this  reasoning  is  worthless,  unless  we  admit,  as 
I  hold  we  may,  that  the  crust  need  not  break  up  and  sink. 

A  further  argument  of  great  weight  in  favour  of  the  existence  of  such  a  layer  is 
that  the  contraction  of  the  sphere  has  been  evidently  relieved  by  corrugations,  not  uniformly 
distributed  over  the  surface,  but  locally  along  lines  of  elevation,  often  separated  by 
considerable  intervals.    There   must  therefore   have  been  a  lateral   movement  of  the  crust 


*  The  eminent  ynloanologiBt,  the  Ute  Mr  Fonlett  Sciope, 
wrote  to  the  anthor  in  October,  1S75;  **  There  is  one  of  the 
points  yon  put  forward  which  never  stmok  me  before,  but 
which  now  appears  to  me  most  valuable,  namely  that  the 
enormous  amount  of  steam  that  has  escaped  from  the 


interior  in  early  times  as  well  as  down  to  the  present,  has 
been,  and  is,  the  cause  of  those  stibndenees  of  the  crust,  to 
which  the  basins  of  seas  and  oceans,  and  the  orumplmgs  of 
the  terrestrial  rocks  are  owing,  far  more  than  to  any  general 
contraction  of  the  nucleus  by  cooling.*' 
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over  the  nucleus  towards  these  lines  of  elevation,  which  can  hardly  have  been  the  case 
unless  there  exists  a  more  or  less  fluid  layer  upon  which  it  rests*.  Should  such  a  liquid 
layer  exist,  it  would  be  subject  to  tides.  But  they  would  be  analogous  to  the  oceanic  tides 
rather  than  to  tides  in  the  solid  earth,  and  their  period  would  probably  be  greater 
than  half  the  diurnal  period,  as  is  the  case  with  the  ocean-tides.  Consequently  the  crest 
of  the  wave  would  not  be  opposite  the  disturbing  body,  and  would  not  aflfect-  precession 
as  much  as  if  it  were.  But  it  might  have  an  effect  in  causing  diisturbances  in  the  crust, 
and  inducing  earthquake  action,  as  the  observations  of  M.  Perry  show  to  be  probably  the  case. 

Assuming  then  that  a  solid  crust  rests  in  corrugations  upon  a  liquid  or  viscous  layer, 
which  is  capable  of  yielding  to  such  forces  as  the  gravitation  of  the  crust  exerts,  we  have 
to  consider  the  conditions  of  equilibrium  of  such  a  crust. 

In  the  first  place,  the  disturbances  which  we  see  that  it  has  experienced,  to  the 
greatest  depths  which  denudation  exposes  to  our  observation,  prove  that  when  once  dis- 
turbed in  lengths  of  any  extent  it  may  be  considered  flexible.  Moreover,  when  it  rests  in 
corrugations  upon  the  subjacent  liquid,  it  must  be  in  unstable  equilibrium;  that  is,  the 
corrugations  can  have  no  particular  relation  to  the  places  where  they  occur,  but  might 
exist  equally  well  at  some  other.  Here  we  at  once  encounter  a  condition  which  renders 
oscillations  of  the  surface  possible,  provided  we  can  account  for  the  disturbance  of  the 
position  of  equilibrium. 

We  are  not  able  strictly  to  investigate  by  means  of  mathematical  formulas  the  form 
which  such  a  crust  as  I  have  supposed  would  assume.  The  surface  of  equilibrium  would  not 
be  developable  into  a  spherical  one.  But,  nevertheless,  it  appears  to  me  that  we  may 
obtain  some  insight  into  the  general  character  of  the  corrugations,  by  enquiring  what  form 
would  be  assumed  by  a  heavy  flexible  crust,  restiug  upon  a  liquid  within  a  rectangular  trough 
shorter  than  the  crust,  for  this  would  give  an  approximate  idea  of  the  contour  of  the  surface 
upon  the  course  of  a  section  of  the  sphere  perpendicular  to  its  surface  and  cutting  a  set 
of  corrugations  at  right  angles. 

It  may  be  assumed  that  the  trough  and  crust  were  originally  of  the  same  length,  and 
that  the  corrugations  have  been  produced  by  the  ends  of  the  trough  having  been  made  to 
approach  each  other. 


*  Captain  Dutton,  U.S. A.,  in  an  interesting  paper  **  On 
the  Oontraotional  Hypothesis"  published  in  1874,  in  which 
he  nses  a  line  of  argument  similar  to  that  followed  by  the 
author  in  his  paper  **  On  the  Inequalities  of  the  Earth's 
Surface,"  of  Beo.  1,  1873,  and  equaUy  concludes  that  no 
contraction  from  cooling  can  adequately  explain  the  plica- 
tions of  the  Strata,  has  the  following  important  remark: 
'*The  determination  of  plications  to  particular  localities 
presents  difficulties  in  the  way  of  the  oontraotional  hypo- 
thesis which  have  been  underrated.  It  has  been  assumed 
that  if  a  contraction  of  the  interior  were  to  occur,  the 
yielding  of  the  outer  crust  would  take  place  at  localitieB  of 
least  resistance.  But  this  could  be  true  only  on  the  as- 
sumption that  the  crust  could  have  a  horizontal  movement 
in  which  the  nucleus  does  not  necessarily  share.  A  vertical 
section  through  the  Appalachian  region  and  westward  to 


the  100th  meridian  shows  a  surface  highly  disturbed  for 
about  two  hundred  and  fifty  miles,  and  comparatively 
undisturbed  for  more  than  a  thousand.  No  one  would 
seriously  argue  that  the  contraction  of  the  nucleus  had 
been  confined  to  portions  underlying  the  disturbed  regions: 
yet  if  the  contraction  was  general,  there  must  have  been  a 
large  amount  of  slip  of  some  portion  of  the  undisturbed 
segment  over  the  nucleus.''  He  does  not  consider  such  a 
«8lip"  possible,  even  with  a  substratum  of  **Kquid  lava.'' 
American  Journal  of  Science  and  Arte,  Jan.  1874,  p.  118. 

The  author  has  however  shown  that  the  coefficient  of 
friction  required  to  allow  of  such  a  movement  of  the  crust 
would  not  be  smaller  than  might  be  thought  admissible. 
See  **Mr  Mallet's  theory  of  Volcanic  Energy  tested,"  Pliil, 
Mag.,  Oct.  1876,  Vol.  50,  p.  817. 
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T  M 

Suppose  COX  to  be  a  vertical  section  of  the  trough, 

CPA  the  section  of  the  crust  whoso  thickness  is  c, 

OX,  horizontal,  the  axis  of  x, 

OY,  vertical,  that  of  y, 

OM=x,    MP=y,    PTM^e. 

r  the  radius  of  curvature  at  P, 

p  the  density  of  the  crust, 

o-  that  of  the  liquid, 

p  the  pressure  of  the  liquid  at  P, 

t  the  force  of  compression  in  the  crust  in  the  direction  of  the 
tangent  at  P. 

We  may  suppose  for  the  present  that  the  flexibility  of  the  crust  is  not  impaired  by 
its  thickness. 

Then  applying  the  conditions  of  equilibrium  we  obtain  the  following  equations: 

(1)  t—gpc{G'-y),  where  (7  is  an  arbitrary  constant. 

(2)  p^gpccoaO--. 

Let  h  be  the  value  of  the  ordinate  at  the  highest  point  A,  and  /  the  depth  of  a 
layer  of  fluid  of  the  density  of  the  crust,  which  upon  a  unit  of  area  would  produce  a 
pressure  equal  to  the  compression  at  A.  Let  S  be  the  depth  of  a  layer  of  fluid  of  the 
density  of  the  crust,  which  would  produce  a  pressure  equal  to  the  fluid-pressure  at  A. 

Then  from  (1)  we  have 

compression  at  A  =gpcf=gpc  (C—h); 

Also  p «:  the  pressure  due  to  the  depth  below  A  +  the  pressure  at  ^ ; 

.-.  p^g<r(h-y)+gpS. 
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Therefore,  substitutiDg  in  (2), 

ga  [h-y)  +gpS  =  gpc  ^cos  6  +  ^^  j . 

Change  the  origin  to  0'  by  putting  y'-y-C; 

Hence  when  y  =  A,  y  =  — /,   so  that  /  is  the  depth  of  A  below  the  new  origin,  and 

A-y  =  -(y'+/); 

whence,  by  substituting  for  y, 

-ff<^  (y  +/)  +9P^  =  9PC  (J  +  f ) . 

or    -<^y'-(^-pS)=pc(^+y. 
Integrated  this  gives, 

.--|--(<^-p8)/  =  P<^§  +  ^. 

or.  pcy'g+(,r/-p8)y'+|y-  =  -2? (A). 

If  this   equation  be    solved   with    regard    to    y'  it  will  give  two  values  of  y   for  one 

value  of  -r   or  cos  ft 
as 

And  if  it  be  solved  with  regard  to  ^ ,  or  cos  0,  it  will  give  the  same  value  for  cos  0 
whenever  y'  is  the  same. 

The  curve  is  therefore  of  an  undulating  form  as  in  the  figure. 

If  the  two  values  of  y'  be  made  equal,  they  will  give  the  points  of  contrary  flexure. 

doR 
If  we  put  ;5-  =  1,  this  will  give  the  maximum  and  minimum  ordinates. 

Now  we  know  that  one  of  these  is  -/.     Hence  we  may  find  D ; 

/.  2)  =  o-^Vp(o-8)/. 

Substituting  this  value  we  get  for  the  said  ordinates, 

-/-|(c-S)±^(c-8). 
and  their  difiPerence, 

Vol.  XII.  Pabt  II.  '^  67 
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We  have  from  equation  (2),  by  making  r  infinite,  since  t  is  not   infinite,  at  a  point 

of  contrary  flexure, 

p^gpccoaO, 

or    -^o-  (y'  +/)  +gpB  =gpc  cos  0. 

Substituting  the  corresponding  value  of  cos  ^  in  the  general  equation,  we  get 


y'  =  ±>y//*  +  2|(c-S)/ 


for  the  depth  of  the  point  of  contrary  flexure.     The  negative  sign  must  be  taken. 
The  radii  of  curvature  are,  at  an  anticlinal, 


and  at  a  synclinal. 


c  —  o        a 


JB^ 


To  determine  the  constant  /  we  must  discuss  the  conditions  at  an  anticlinal.     Consider 
any   element  ds  of   the   curve,  and  let  the   horizontal   and  vertical 
components  which  act  upon  it  from  beyond  at  one  extremity  of  it  be 

.     S  and  Q, 

p  the  fluid  pressure, 

t  the  compression, 

0  the  inclination   of  the  tangent  to  the  horizon, 

as  before. 

Resolving  vertically,  we  have  for  equilibrium, 

p  cos  0d3  + 1  sin  0—gpcds  +  Q  =  0, 

and  horizontally, 

p  sin  0d8  — «  cos  5  +  jB  =  0. 

Eliminating  t, 

pda—gpc  coB0d8-\-  Q  cos5  +  ^  sin5  =  0 (1), 

Now  this  being  true  when  da  is  indefinitely  diminished,  since  Q  and  R  are  not  thereby 
altered,  we  have  generally, 

^cos^  +  .Bsin5  =  0. 

But  at  an  anticlinal  Q  and  jB  must  be  the  vertical  and  horizontal  components  of  the 
compression  at  one  side  of  the  anticlinal.  From  the  nature  of  the  case  the  vertical  com- 
ponents of  the  compression  on  either  side  of  the  anticlinal  must  act  in  the  same  direction ; 
and  therefore  they  cannot  be  in  equilibrium  unless  they  are  separately  zero.  And  Q  is 
one  of  them; 

.'.  also  2?  sin  ^  =  0, 
whence  either  sin  ^  *=  0,  or  iZ  =  0. 
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Let  us  consider  these  two  cases  in  order.  When  the  element  is  under  the  action  of 
the  forces  Q  and  .B  at  one  extremity  of  it,  and  ds  is  indefinitely  diminished,  observing 
that  Q  cos  ^  +  i2  sin  0  =  0,  we  have  from  (1)  in  the  limit 

pda  —  gpc  cos  Ods  =  0, 
pds 


gpc  cos  dds 


=  L 


Now  at  an  anticlinal  we  know  that  p^gpSy  and  (in  the  case  we  are  no'yy  considering) 
cos  0  —  1,  and  these  are  the  values  which  these  quantities  assume  there  when  ds  is  indefi- 
nitely diminished. 

Hence  at  an  anticlinal  the  above  becomes  in  the  limit 

•?^  =  1 

that  is,  when  the  curve  is  horizontal  at  an  anticlinal^ 

This  conditibn  evidently  belongs  to  the  case  of  a  crust  lying  horizontally  upon  the  liquid, 
which  is  a  particular  case  of  the  general  problem.     In  this  instance   the  difference  of  the 

maximum  and  minimum  ordinates  —  (c  —  S)  as  found  p.  443  vanishes,  as  it  ought  to  do. 

<r 

Next  consider  the  second  case,  viz.  when  i?  =  0.    In  this  case  /«  0  since  /  measures  li. 

The  relation /s=0  shows  that  there  is  no  compression  at  the  anticlinal 

In  this  case  tand  =  — -^  takes  the  form  of  g. 

The  origin  of  co-ordinates  is  by  the  same  relation  for  /  brought  to  the  level  of  the 
anticlinals. 

Our  equation  (A)  now  becomes,  suppressing  the  daah  over  the  y, 

ds  pcy 

dx 
This   expression    shows  that  D  =  0,  otherwise   -^   (or  cos^    would   be  infinite   at  an 

anticlinal  where,  reckoning  from  the  newly  determined  origin,  y  =  — /=  0. 
Dividing  the  numerator  and  denominator  by  y, 

ds"      po 

67—2 
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Integrating  this  eciuation,  and  taking  the  origin  at  an  anticlinal,  we  obtain 

This  represents  a  circular  arc. 

If  \  be  the  distance  from  one  anticlinal  to  the  njaxt,  we  obtain  for  8  the  value 


'"j^-w"-'- 


Up* 
and  for  the  final  equation 

-which  gives  the  co-ordinates  of  the  centre 

\        ,1     /16p'        -, 
2.  andg^-^c'-X'; 

and  the  radius  —c. 
a 

These    conditions    are    possible    so    long    as  X   is  less   than  — o;    in  which   case   tlie 

festoon  between  the  anticlinals  becomes  a  semicircle. 

It  can  easily  be  shown,  by  introducing  the  supposition  that  the  curve  is  a  circle 
into  the  equations  of  equilibrium  (1),  (2),  that  the  difference  of  pressure  varies  as  the 
difference  of  the  ordinate.  This  variation  would  of  course  be  true  for  any  curve,  but  it 
would  not  be  consistent  with  giving  equilibrium  of  form  to  the  curve  unless  it  satisfied 
the  equations  of  equilibrium. 

It  appears  therefore  that,  when  no  extraneous  force  acts  upon  the  crust,  it  will  assume 
the  form  of  a  series  of  equal  circular  arcs,  the  radii  of  which  depend  solely  upon  the 
mass  ipc)  of  a  unit  of  length  of  the  crust,  and  upon  the  density  <r  of  the  liquid  on 
which  it  is  supported.  The  degradation  of  the  undulating  curve  into  a  series  of  circular 
arcs  takes  place  through  /  becoming  zero.  The  curvature  (p.  444)  at  an  anticlinal  in  this 
case  becomes  infinitely  great. 

The  next  step  is  to  conceive  a  long  trough,  bent  lengthwise  into  a  circular  form  of 
large  radius,  and  that  the  crust  and  liquid  are  acted  upon  by  a  force  gravitating  towards 
the  centre,  and  so  we  approximate  to  the  case  of  a  section  of  the  earth's  surface  taken 
along  a  great  circle.  In  this  case  we  must  suppose  the  curve  reentering.  No  extraneous 
force  acting,  the  circular  festooned  form  will  approximately  represent  the  curve  of  equi- 
librium. 

But  for  simplicity  of  conception  it  will  be  better  to  return  to  the  idea  of  the  rect- 
angular trough,  and  to  suppose  that  the  curve  is  in  the  phase  of  an  anticlinal  where  it 
meets  the  trough  at  either  end ;  which  condition  is  necessary  for  equilibrium  if  there  is 
no  friction  there:   and  that  there  are  rti  festoons. 
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Having  found  the  form  of  equilibrium  we  have  now  to  enquire  what  relation  it  holds 
to  the  length  of  the  trough. 

We  will   consider    that   the    trough    was    originally  of   the  length  Z,  and  that  it  is 

compressed   until   its  length   becomes    i  (1  —  e).      Then   since   --  c  is   the  radius   of   every 

circular  arc  which  can  admit  of  equilibrium,  and  that  the  chords  of  the  m  festoons,  or 
arcs,  must  equal  the  reduced  length  of  the  trough,  putting  ^  for  the  angle  subtended  by 
each  festoon,  we  must  have 

m .  2 .  —  c  sin  ^  =  i  (1  -  e),  . 

and  because  the  whole  length  of  the  crust  is  that  of  the  trough  before  compression, 

a    ^ 

sm| 
whence  --—  =  1  _e (1), 

2 

Any  value  of  €  less  than  unity  substituted  in  (1)  will  give  a  corresponding  value 
of  ^,  and  thence  from  (2)  a  value  of  m.  But  none  but  integral  values  of  m  will  be 
compatible  with  equilibrium,  because  the  curve  must  meet  either  end  of  the  trough  at 
an  anticlinal. 

^  diminishes  as  m  increases,  and  when  m  is  infinitely  great  and  j>  infinitely  small, 

sm| 

2 

becomes  unity,  and  therefore  €  =  0,  or  there  is  no  compression. 

m  also  increases  as  c  diminishes.  Hence,  cceteris  paribus,  the  festoons  are  more 
numerous  with  a  thin  crust  than  with  a  thick  one.  The  geometrical  relations  show  that 
the  lengths  of  the  festoons  must  increase,  and  their  number  diminish,  as  the  compression 
is  increased. 

Consider  now  the  crust  to  be  in  equilibrium  with  a  certain  pair  of  valves  of  m  and  e, 
m  being  integral,  and  let  the  trough  then  be  shortened,  but  not  sufficiently  so  for  the 
next  integral  value  of  m  to  be  reached.  What  will  happen?  The  festoons  cannot 
alter  their  curvature  so  as  to  adapt  themselves  to  their  lessened  chords.  It  seems  then 
that  the  compression  at  the  anticlinals  must  become  finite,  instead  of  being  zero,  and 
that  the  ends  of  the  festoons  will  be  pushed  up  against  each  other,  by  which  means 
material   will  be  accumulated  there,  and   Q  and  R  will  become  finite  at  the  anticlinals. 
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This  will  accord  with  the  undulating  form  of  the  curve,  but  it  seems  that  the  equilibrium 
must  become  unstable,  on  account  of  the  weight  resting  on  the  anticlinal  in  the  highest 
})()ssible  position.  It  will  therefore  be  liable  to  slide  down  upon  the  surface  of  the  liquid 
on  one  side  or  other  of  the  anticlinal. 

Let  us  suppose  then  that  a  portion  of  the  crust  PQ,  whose  weight 
is  Q,  has  become  thickened  by  the  accumulation  of  material,  and  let 
P  be  the  mean  fluid-pressure  upon  this  portion  of  crust.  And  let 
it  be  supposed  that  the  curve  is  cut  off  above  Q. 

Then  we  have  for  the  equilibrium  of  PQ, 

Qsm0  =  t 

and  Q  cos d  =  PxPQ. 

The  first  of  these  equations  combined  with  (1)  p.  442,  and  with  the  equation  to  the 
circle,  will  give  the  position  of  the  point  P  to  which  PQ  will  descend,  balancing  the 
curve  below  it  in  the  same  manner  as  it  would  be  balanced  if  the  curve  were  continuous 
above  instead. 

The  fluid-pressure  need  not  be  altered  by  the  above  supposition,  because  the  general 
pressure  will  keep  the  anticlinal  filled,  although  some  of  it  should  tend  to  escape  above  PQ. 
But  if  the  crust  which  was  upon  the  other  side  of  the  anticlinal,  surmounts  it,  and  follows 
PQ  down  the  incline,  it  will  produce  compression  above  Q,  and  it  seems  that  Q  must,  in 
that  case,  descend  to  the  sjmclinal,  where  if  p  be  less  than  a  it  will  float  and  not  dis- 
turb the  general  form  of  the  curve  beyond  it,  PQ,  while  thus  descending,  will  force  up  the 
crust  on  the  other  side  of  the  festoon,  which  in  its  turn  surmounting  the  anticlinal,  will 
descend  the  next  incline.  These  changes,  however,  will  take  place  rather  by  a  relative 
movement  of  the  liquid,  than  by  an  absolute  movement  of  the  crust,  and  will  cause  alter- 
nate elevation  and  depression  of  any  given  point  in  the  crust. 

It  seems  probable  that  the  thickened  portion  of  the  crust  may  tend  to  descend  more 
rapidly  than  it  is  followed  by  the  crust  surmounting  the  anticlinal,  in  which  case  the 
compression  will  be  more  or  less  relieved,  and  fissures  formed  part  of  the  way  down  the 
side  of  the  festoon,  through  which  the  liquid  would  escape. 

This  seems  to  offer  a  possible  explanation  of  the  situation  of  volcanic  vents  along  lines 
parallel  to  mountain-chains. 

The  tendency  to  heap  up  matter  about  the  anticlinals,  would,  in  the  case  of  the  earth's 
crust,  cause  the  strata  to  be  accumulated  in  positions  in  which  the  tendency  would  be  for 
them  to  slide  among  themselves  and  descend  superficially  to  suit  the  angle  of  repose,  thus 
causing  the  successive  foldings  and  secondaiy  corrugations,  even  on  the  smallest  scale,  such 
us  occur  on  the  flanks  of  the  primary  or  central  chains.  And  the  folds  might  even  tend 
to  slope  away  from  the  crest^  producing  inverted  bedding. 

Some  amount  of  secondary  corrugation  would  also  be  produced  by  the  bending  of  the 
crust  into  the  festoon-like  form.      But   for  several  reasons  it  is  not    possible    to  say   how 
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much.  In  the  first  place,  this  would  increase  with  the  thickness  of  the  crust,  and  diminish 
with  increase  of  radius  of  curvature.  But  in  nature  the  curvature  would  have  been  greatest 
.when  the  crust  was  thinnest,  and  would  go  on  diminishing  as  the  thickness  increased. 
In  short,  if  any  point  in  the  curve  could  be  conceived  to  be  at  no  time  at  an  anticlinal, 
at  such  a  point  the  curvature  would  go  on  perpetually  decreasing  as  the  crust  grew 
thicker,  and  the  compression  of  the  general  surface  increased. 

It  will  also  be  noticed  that  the  under  side  of  any  festoon  would  be  subject  to  tension 
from  the  bending,  and  disposed  to  open  cracks ;  while  the  compression  (t)  to  which  it  is 
exposed  would  tend  to  keep  them  closed.  The  upper  side  would  hence  be  more  corrugated 
than  if  there  were  no  such  compression  as  (t). 

From  the  above  remarks  it  does  not  appear  that  such  an  estimate  as  follows  is  of 
much  service.      Yet  it  may  be  as  well  to  notice  it 

Let  ECDF  be  a  section  of  a  portion  of  the  crust  originally  a  rectangle  and  bent  into 
such  a  form  that  EF  and  CD  are  arcs  of  a  circle  whose  centre  is  0.  And  suppose  AB, 
an  arc  situated  between  EF  and   (72),  to  be  the  original  length  of  this  rectangle. 

Let  EF:=nAB;    CD  =  mAB;    00  =r.     Then  we  have 

r  —  c      r 


r 


-AO^- 


n        m 


The  greatest  crumpling  along  EF  would  occur  when  m  —  1. 

In  this  case  n  =  1  — 

r 

If  o-  =  p  this  would  be  J,  which  is  a  very  large  amount.  But  owing  to  the  probable 
sliding  of  the  parts  over  one  another,  the  points  E  and  F  would  not  be  upon  the 
radii  OA  and  OB,  but  fall  beyond  them,  so  that  the  crumpling  would  not  be  so  great 
as  that. 

If  the  conditions  of  perfect  fluidity  in  the  liquid  and  perfect  flexibility  in  the  crust 
were  fulfilled,  and  the  crust  were  of  insensible  thickness,  then  our  result  would  be  true,  and 
the  festoons  be  all  equal  circular  arcs.  But  under  such  circumstances  as  may  be  supposed 
to  exist  in  nature,  these  conditions  will  be  so  imperfectly  fulfilled,  that  all  we  can  assert 
is  that  the  above  considerations  will  serve  as  a  rough  guide  to  what  we  may  expect  to 
occur.  The  conditions  of  equilibrium  would  be  satisfied  from  point  to  point  not  very  widely 
distant  from  each  other,  and  we  might  expect  the  compression  to  be  distributed  unequally. 
Hence  the  festoons  would  be  larger,  and  the  anticlinals  higher,  in  some  regions  than  in 
others.  The  local  thickenings  of  the  crust  would  also  render  the  forms  of  the  curve 
locally  to  differ  from  the  normal  form.  The  effect  of  the  hydrostatic  pressure  of  the 
oceans  must  also  be  taken  account  of. 
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For  suppose  that  any  portion  of  the  curve  be  covered  by  a  heavy  fluid  (the  ocean)  of 
density  ft.  Let  k  be  the  height  of  this  ocean  above  the  level,  upon  which  the  origin  was 
taken  in  the  first  instance  (on  p.  442).  Then,  in  foiming  the  equations  of  equilibrium,  we 
shall  have  as  before 

t=gpc{C^y). 

But  for  p  we  shall  have, 

p  =  pressure  at  -4.  +  pressure  due  to  the  depth  below  A  —  pressure  due  to  the  ocean, 
^ffaih-  y)  +gpB  -gii  (k-^y), 
^-gitr-  fji)y+g{(Th-fik)+gpS. 

This  is  an  equation  of  the  same  form  as  before.  We  cannot  find  the  values  of  the 
constants  exactly  as  we  did  before,  but  we  can  see  that  the  curve  must  consist  of  two 
portions,  one  above  the  ocean  and  one  below  it. 

At  the  point  where  these  two  portions  meet  one  another,  the  direction  of  the  curve 
must  be  continuous.  The  portion  above  this  point  will  evidently  follow  the  law  already 
investigated  in  all  respects.  For  the  part  below  we  have  expressions  for  p  and  t  of  the 
same  form  as  before.  This  part  will,  therefore,  follow  the  law  of  a  curve,  which  may  be 
supposed  to  rest  upon  a  liquid  of  the  density  (r  —  fju  instead  of  o-.  The  law  of  form  will, 
therefore,  be  the  same  as  before,  the  constants  being  determined  according  to  this  suppo- 
sitious case. 

The  compression  (t)  of  the  part  of  the  curve  beneath  the  ocean  will,  however,  be 
greater  than  in  the  suppositious  case,  the  crest  being  higher.  But  that  will  not  alter  its  form, 
because   (t)   in   any   case  varies   according  to   the  height  of  the   anticlinal.     The  radius   of 

the   portion  beneath  the  ocean  will  be  2  — —  c. 

To  estimate  how  much  the  curvature  would  be  afifected  by  the  ocean,  we  may  con- 
sider the  density  of  the  subjacent  liquid  somewhat  greater  than  that  of  granite  (say)  3, 
and  that  of  sea-water  (say)  1.  Then  cr  — ft  =  2,  and  the  radius  will  be  increased  in  the 
ratio  of  3  :  2.  This  decrease  of  curvature  will  be  independent  of  the  depth  of  the  ocean, 
and  the  change  will  occur  at  its  margin.  It  may  possibly  have  the  eflfect  of  opening 
channels  of  communication  between  the  surface  and  the  subjacent  liquid,  and  contribute 
somewhat  to  the  formation  of  volcanic  vents  near  the  seaboard. 


The  diagram  illustrates  the  effect  of  increased  general  compression  in  elevating  and 
depressing  points  in  the  crust.  The  point  A  is  supposed  for  simplicity  to  remain  fixed.  Then 
the  points  B,  G,  B,  E,  F,  G,  upon  further  compression  assume  the  positions  6,  c,  d,  «,  /,  g. 
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One  reason  (p.  448)  has  already  been  suggested  for  cJtemate  elevation  and  depression 
at  any  point.  Another  cause  of  the  same  thing  may  be  seen  in  the  fact  that  the  length 
of  the  festoons^  and  height  and  distance  of  the  anticlinals,  will  be  increased,  both  by 
additional  compression,  and  by  a  thickening  of  the  crust.  The  first  of  these  will  result 
from  secular  cooling.  The  second  from  the  same  cause,  and  also  from  the  distribution 
by  denudations  of  the  material  accumulated,  as  shewn  at  p.  447,  about  the  anticlinals. 
The  latter  would  be  more  local  than  the  former  in  its  effects. 

If  we  now  pass  to  the  case  of  any  rectangular  vessel,  and  suppose  it  to  be  compressed 
in  two  orthogonal  directions,  then  the  form  of  the  corrugations  in  these  two  directions 
would  be  approximately  governed  by  the  laws  we  have  investigated,  provided  the  plane 
crust  be  supposed  capable  of  adapting  itself  to  a  form  not  developable  into  a  plane. 
And  even  in  the  case  of  a  contracting  sphere,  the  character  of  the  corrugations  may  be 
assumed  to  be  on  the  whole  similar  to  that  investigated,  and  they  would  be  arranged 
about  polygonal  areas. 

The  consequence  of  the  crust  not  being  absolutely  flexible  would  be,  that  it  would 
rest  within  certain  limits  in  forms  either  more  or  less  curved  than  the  proper  surface 
of  equilibrium,  and  it  must  be  confessed  that  the  great  ratio,  which  the  thickness  of 
■  the  crust  bears  to  the  radius  of  the  festoon,  renders  the  result  of  the  investigation 
much  more  difficult  of  application  to  the  case  of  nature  than  it  would  otherwise  be. 
But  we  may  accept  it,  and  use  it  for  what  it  is  worth. 

Still  further,  the  general  compression  along  a  great  circle  will  very  inadequately  represent 
what  would  occur  when  the  compression  over  the  whole  surface  has  to  be  taken  into 
account  In  short,  the  case  of  nature  is  so  extremely  complicated,  that  it  is  very  difficult 
to  reason  satisfactorily  upon  it.  Nevertheless  I  think  that  the  conclusions  we  have  arrived 
at  concerning  the  case  of  a  thin  heavy  flexible  crust  resting  on  a  perfect  liquid,  have 
some  value  as  far  as  the  results  may  be  summed  up  in  the  following  propositions: — 

(1)  A  vertical  section  of  the  lower  surface  of  the  crust,  where  it  meets  the  liquid, 
when  carried  across  a  series  of  the  corrugations,  would  present  a  series  of  festoon-like 
arcs  approximating  to  a  circular  form,  concave  upwards. 

(2)  The  anticlinals  would  be  of  cusp-like  form,  resulting  from  the  intersection  of 
contiguous  festoons.  There  woidd  not  be  found  anything  of  the  character  of  rolling 
undulations  with  flat-crested  anticlinals* 

(8)  The  law  of  curvature  of  the  festoons  would  not  depend  upon  the  amount  of  the 
general  compression,  though  their  amplitude,  or  the  distance  from  crest  to  crest,  would  be 
increased,  under  circumstances  q{  equilibrium  (t.e.  where  m,  p.  447>  is  integral),  upon  the 
compression    being    increaseqi.     The    curvature    would  diminish   upon  the  thickness    being 


increased 


(r-2£.). 


(4)    But  the  curve  of  equilibrium,  even    if    it    were  once  exactly  established,  could 
not  be  strictly  maintained  during  successive  contractions  of  the  sphere,  because  we  have 
Vol.  XII.   PabtII.  68 
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seen  that,  for  a  trough  of  givea  length,  a  flexible  crust  and  a  perfect  liquid,  equilibrium 
caa  only  subsist  for  certain  special  amounts  of  contraction  having  relation  to  the  length 
of  the  trough.  No  doubt  the  limits  within  which  this  would  be  possible  would  be 
enlarged  by  defects  in  flexibility  and  liquidity,  and  they  would  also  be  enlarged  by  a 
great  increase  in  the  length  of  the  trough  as  compared  to  the  thickness  of  the  crust: 
for  then  m  would  always  be  nearly  an  integer. 

This  last  seems  to  be  the  condition  of  things  to  which  we  may  best  compare  the 
earth's  crust,  so  long  as  it  was  thin,  when  there  may  also  be  supposed  to  have  been 
a  state  of  more  complete  liquidity  in  the  subjacent  matter.  But  as  the  crust  became 
thicker,  and  the  layer  of  subjacent  matter  probably  more  viscous^  the  diminished  freedom 
of  movement  between  the  crust  and  the.  liquid  would  tend  partially  to  assimilate  the 
condition  of  tilings  to  the  case  of  the  trough  of  limited  length.  Tlie  behaviour  of  the 
crurt  might  therefore  be  expected  to  partake  of  the  two  explained  as  belonging  to  these 
two  cases.  There  would  be  a  pushing  up  of  the  anticlinals  against  each  other  owing 
to  the  d^ect  of  freedom  of  movement  which  would  assimilate  the  conditions  to  those 
of  a  trough  of  limited  length,  and  there  would  be  an  alternate  elevation  and  depression 
of  different  parts  of  the  curve«  the  liquid  flowing  from  one  anticlinal  into  the  adjoining 
one,  in  virtue  of  such  limited  freedom  of  motion  as  existed  between  it  and  the  crust. 
And  these  conclusions  seem  to  agree  pretty  well  with  the  phenomena. 

I  have  already  remarked  on  the  difficulty  introduced  by  the  large  ratio  which  the 
thickness  of  the  crust  bears  to  the  radius  of  the  festoons.  But,  on  the  other  hand,  their 
curvature  will  have  gone  on  diminishing  as  the  crust  has  increased  in  thickness,  to  which 
thickness  the  material  accumulated  about  the  anticlinals  will  have  contributed  through 
the  operation  of  denuding  agency,  still  further  diminishing  the  surface-curvature  by  its 
outspreading.  The  basset  edges  of  the  crust  situated  above  the  anticlinals  of  the  liquid 
might  occupy  a  considerable  area  on  the  upper  surface,  on  account  of  its  thickness.  And 
throughout  this  area  great  disturbance  of  the  strata  might  be  expected  to  occur,  owing 
to  the  approximate  verticality  which  the  beds  would  tend  to  assume,  and  from  which 
they  would  settle  into  positions  of  repose* 


The  result  noticed  at  (p.  447),  and  frequently  since  referred  to,  that  there  would  be 
a  tendency  for  material  to  accumulate  about  the  anticlinals,  which  by  its  weight  would 
tend  to  descend  along  the  inclined  side  of  the  festoon,  seems  to  agree  very  well  with  the 
phenomena.    It  would  produce  a  fan-like  arrangement  of  the  strata  about  the  crest  itself, 
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and  a  crumpling  of  those  on  its  flanks  more  intense  in  its  immediate  neighbourhood, 
and  diminishing  in  intensity  as  we  recede  from  it.  The  effect  would  be  local,  and  the 
crumplings  might  be  on  either  on  a  large  or  a  small  scale,  which  would  depend  chiefly 
upon  the  nature  of  the  rocks  themselves.  This  is  exactly  what  occurs,  and  it  must  be 
admitted  that,  however  much  it  seems  necessary  to  attribute  the  contortions  of  rocks  to 
a  general  contraction  of  the  earth's  volume  as  a  primary  cause,  yet  the  foldings  which 
offer  themselves  to  view  in  nature  are  of  such  a  character^  and  often  of  such  small 
dimensions,  sometimes  only  a  few  feet  from  bend  to  bend,  that  it  seems  impossible  to 
attribute  them  directly ^  to  what  must  have  operated  on  so  grand  a  scale  as  the  contraction 
of  the  globe  itseUl  Causes  have  been  pointed  out  why  the  crests  might  descend,  and 
lose  their  pristine  elevation.  They  would  then  become  subject  to  be  planed  off  by  denu- 
dation*  But  if  our  theory  is  true,  intensely  crumpled  rocks,  wherever  found,  must  have 
been  at  some  time  or  another  in  an  elevated  position  with  reference  to  the  neighbouring 
surface.  And  where  an  anticlinal  with  its  accumulated  load  has  sunk,  additional  com- 
pression and  crumpling  may  have  been  produced  by  the  alteration  of  the  curvature  there, 
but  a  ridge  would  nevertheless  be  preserved,  if  strong  enough  to  resist  denudation,  more 
sharp  in  its  outline  perhaps  than  previously  to  sinking. 

Owing  to  the  anticlinals  shifting  their  positions  by  a  gradual  motion  parallel  to  them- 
selves, elevations  and  depressions  where  they  define  a  seaboard  would  be  followed  rather 
by  the  land  encroaching  upon  the  sea  and  the  sea  upon  the  land,  than  by  new  conti- 
nents rising  abruptly  out  of  mid-ocean  or  old  ones  sinking  bodily  into  it. 

Not  the  least  important  result  of  the  investigation  is  that,  the  more  ready  we  conceive 
the  crust  of  the  earth  to  reply  by  flexure  to  the  forces  brought  to  bear  upon  it  (and 
many  facts  seem  to  show  that  with  time  given  it  does  so  with  considerable  facility), 
the  more  does  the  compression  {£)  within  it  become  limited  to  that  due  to  the  depth  of 
any  point  beneath  the  crest  of  the  anticlinal,  whilst  at  the  anticlinal  itself  the  compression 
tends  actually  to  vanish.  This  agrees  perfectly  with  the  investigations  of  the  late 
Archdeacon  Pratt  upon  the  plumb-line  in  India,  where  he  found  the  density  of  the 
mountainous  tracts  less,  and  of  the  ocean  bed  greater,  than  the  average.  But  it  does  not 
support  Mr  Mallet's  views  regarding  the  source  of  volcanic  energy  being  derived  from 
the  crushing  of  the  rocks  *.  For  although  it  is  certain  that  the  contraction  of  the  earth  might 
originate  stresses  within  a  rigid  crust  if  unrelieved  of  practically  infinite  amount,  yet  if  the 
crust  is  capable  of  readily  yielding  to  them,  the  stresses  become  comparatively  small 

Geologists  have  often  observed  that  volcanic  vents,  and  outpourings  of  basaltic  rocks,  have 
frequently  occurred  without  much  disturbance  of  the  neighbouring  strata ;  almost  as  if  the  crust 
had  opened  of  its  own  accord  and  let  them  escape.  A  notable  instance  of  such  an  outpouring 
of  igneous  rocks  has  lately  been  described  by  Professor  Joseph  Le  Gonte  in  the  AToerican 
Journal  of  Science,  3rd  Series,  Vol.  vii,  p.  167.  1874}.  He  calls  it  '*  The  great  lava  flood  of 
the  West;"  and  supposes  it  to  have  been  poured  forth  from  fissures.  It  covers  nearly 
300,000    square  miles  of  the  North-Western  portion  of  the  States,  an  area  larger  than  the 


*  The  anthor  of  this  paper  has,  as  he  belieyes,  shown  I  for  October,  1875,  entitled  <Mr  Mallet's  theory  of  Yolcanio 
the  inadequacy  o(  tips  paose  in  his  article  in  the  Phil,  Mag.  |  Energy  tested.* 
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whole  of  France,  and  has  an  average  depth  of  about  2000  feet.  Such  fissure  eruptions 
require  the  compression  of  the  crust  locally  to  vanish  in  the  manner  which  has  been  shown 
in  this  paper  to  be  not  improbable. 

And  what  is  the  essential  character  of  volcanic  vents?  They  appear  from  description 
to  be  orifices  from  which  superheated  gases  escape.  Molten  lava  often  fills  the  bottom  of 
a  crater  for  a  long  period.  What  keeps  it  hot?  If  it  were  a  supply  of  lava  from  below, 
there  need  be  a  continuous  escape  above.  But  that  does  not  appear  to  be  requisite.  It  must 
then  be  the  high  temperature  of  the  gases  which  pass  through  it,  and  in  so  doing  support 
its  temperature.  If  this  be  a  correct  explanation,  then  any  place  in  the  crust,  which  is 
not  steam-tight,  may  originate  a  volcano.  The  gases  would  fuse  their  own  way  through, 
converting  the  rocks  melted  in  their  passage  into  lava.  But  some  of  the  subjacent  liquid 
layer  would  finally  find  an  exit,  on  account  of  the  pressure  beneath  being  in  general  greater 
than  that  due  to  the  thickness  of  the  crust. 

It  must  be  admitted  that  the  difficulty  of  accounting  for  the  grand  features  of  oceanic 
depressions  and  continental  elevations  has  not  been  directly  removed  by  the  investigations 
above  made.  Our  theory  adapts  itself  more  immediately  to  the  features  of  smaller 
dimensions,  such  as  are  exhibited  in  a  mountainous  country.  The  remark  however  which 
has  been  already  made,  that  the  conditions  of  equilibrium  would  be  satisfied  from  point  to 
point,  not  very  widely  distant  from  one  another,  leads  to  the  conclusion  that  the  more 
elevated  tracts,  which  form  our  present  continents,  may  probably  be  those  regions  by  whose 
elevation  the  contraction  of  the  earth  has  been  more  recently  relieved.  The  fiuid  pressure 
beneath  the  crust,  which  is  what  would  tend  to  burst  it  upwards  elsewhere,  being  due 
to  the  depth  of  the  base  of  the  crust  below  the  highest  point  of  the  fluid,  would  be  only 
slowly  conveyed  to  great  distances  by  a  viscous  couch ;  so  that  compression  having  been 
freshly  relieved  throughout  a  continental  tract,  the  upward  pressure  beneath  the  far-oflF 
ocean-bed  may  be  for  a  long  while  in  abeyance.  But  after  a  long  interval,  during  which 
the  continental  area  has  by  the  cooling  of  the  crust  become  newly  strengthened,  the 
general  lateral  thrust  may  reassert  its  influence,  and  the  ocean-floor,  being  now  the 
weaker  area,  and  exposed  to  the  greater  pressure  from  beneath,  may  in  its  turn  become 
the  scene  of  disturbance,  and  of  elevation,  the  land  in  its  turn  sinking.  That  irregularities 
of  contour,  such  as  affect  the  land-surfaces,  are  continued  under  a  modified  form  beneath 
the  ocean,  has  been  proved  by  recent  soundings*;  leading  to  the  conclusion  that  its  bed 
consists  of  old  land-surfaces  submerged.  There  is  reason  however  to  think  that  the 
escape  of  water  from  beneath  the  crust  in  volcanic  eruptions  through  protracted  ages 
has  borne  a  share  in  the  subsidence  of  the  crust  "f*.  And  it  is  a  matter  of  common 
observation  that  volcanic  areas  where  the  energy  is  now  well-nigh  spent  are  almost 
always  areas  of  depression. 


*  See  '  A  Beotion  of  the  bed  of  the  Faoifio  from  Yoko- 
hama to  Cape  Flattery,'  Nature,  Vol.  x.  p.  484. 

t  See  the  author's  paper  on  the  '  Inequalities  of  the 


Earth's  Snrface,'  in  these  Tramaetions,  Dec.  1878;  alao 
note,  p.  440. 
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IV.     Exercises  in  Curvilinear  and  Normal  Co-ordinates. 
By  the  Rbv.  J.  W.  Warbbn,  CaiiLS  College. 


[Read  May  22,  1876.] 
EXERCISE  THE  FIRST. 

CUBVILINEAE    Co-ORDINATES. 

X,  y,  z  representing  the  rectangular  Cartesian  co-ordinates  of    a    point  in  space,  and 
U  being  any   function   of  these  variables,   suppose   we   write 

Uy  by  aid  of  these  equations,  may  be  expressed  in  terms  of  u^,  u^,  w,. 
Write 


Hence 


Write 


Hence 


dx 

di^r"" 

dy 
dur""" 

dz 
d■U^ 

=«.. 

.1=*.'   dir'-' 

du,"^*' 

dx                  dy 
du'*'''        du,'"*' 

dz 

dur^- 

dx  =  a,rfw,  +  bjdu^ 

fc.dw,. 

dy-a^du^-\-h^% 

■1-  Cjrfw,, 

dz  =  a,dw,  +  JjdM,  +  c,rf«,. 

5« 

a.: 

c„       c,, 

c.. 

Bdu,^^dx+-^dy  +  ^dz, 


db,      ^db. 


db. 


Bdu.  =  -J-  dx  +  -^  dy  +  ^-  dz. 
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Hence 


dU^l^  (dU  dB  dU  dB  dU  dB) 

dx~  B  \du^  da^  du^  d\  du,  dcj ' 

dU^l  ^dU  dB  dU  dB  dU  dB) 

dy  ~  B   [du^  da^  du,  d\  du^  <fc,j  ' 

dU^l^idUdB  dUdB  dU  dB) 

dz     B  \da^  da,  du^  db,  du,  de,)  ' 


Write  da^  +  di^  +  dz*    equal  to 

C^,du*  +  GJhi*  +  CJiu*  +  2C„dujiu,  +  2C^du,du,  +  2CJlu,du^. 

Write  also  (^)*  +  (^)'  +  (^y    equal  to 

^.,  (f.)\Ajf-)\A„m  ^2aJ^  ^^2A„f.f^2Aj^  f . 
"  VaWj/         "VdWj/  \duj  "dw^  aw,  "aw,  aw,  dw,  dw^ 

It  is  sometimes  convenient  when  we  wish  to   compare  our  results  with  those  arrived 
at  by  previous  Authors  to  write 

c„=^,   t7„-5;    c„=j: 

It  is  clear  firom  the  preceding  equations  that  (?„,  (7^,  C„,  C„,  C7^,  (7„  are  functions  of 

Ai»  -^n'  -^n'  -^tf  -^M'  •"««• 
The  converse  being  also  true,  in  fact  we  clearly  have 

C„^  J=  c,*  +  e*  +  d, 
Ca  =  F=  <hh  +  a,h,  +  ajb,, 


We  also  have 


-.-i.{(i)^(f)'Ki)}. 

J  _l  {dB  dB     dB  dB     dB  dB) 
'^'*~ff\da,   db.'^da,  db,'^da,  dij' 

J   -L&  i^M^i.  ^^a.^  ^1 
'^'*~B'\db,   dcj  "•"  A  <fc,  ■*■  A  <&,)  ' 

"*■"£•((&,  doj'^'rfc,  da,     db,  daj- 
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Hence  clearly  we  can  write 


457 


«l. 

a,,    a, 

* 

E,    F,    , 

/ 

Ou, 

c„. 

c« 

\, 

6..     J. 

ss 

F,   a,  H 

= 

0^, 

Cn, 

a.   . 

c.. 

C|.      c, 

J,    H,    I 

c^. 

c., 

(7. 

dB       dB 

dB 

S 

1 

da,'     da,' 
dB       dB 

da, 
dB 

A                 A 

1 

B> 

db, '     db, ' 

db. 

= 

-^u>     -^n> 

A„ 

"J?' 

dB       dB 

dB 

-^»>     -^* 

^n 

do,'     dc,' 

dc. 

CyxG^  "    C^U     =* 

ff.A^;    ff{,A,,A^- 

•^J) 

'Cn; 

CnC„—  Ca*  = 

^.^u; 

ff{AJL^- 

-An 

=  C^llJ 

'fi*. 


and  since 


CJJn-  CJ^ff  .  Ani    ff{A„A^-A,^  =  (7„; 

a.C„  -  C.<7^  =  5*^ ;    B*  (^«J„  -  ^^„)  =  C„ ; 
C„C^ -  G^C^  =  B'A,,',    B'  (^^« -  A^ J  =  C. ; 


"+'* 


+ 


it  clearly  follows  that 


.       1   (dB  dB     dB  dB    dB  dB) 
^""B'Xda,  dbjda,  55","^ do,  dbi' 

A    -1.&  dB    dB  dB    dB  dB) 
^^    B'lda,  dc'^da,  dcjda,  dc.f' 

Bda^    ""« "^  ^"^»  ■■■  '^"''" 
1  dB      A  A   t        d 


and  symmetrically  we  also  have 


Bda, 


IdB 
Bdb,' 
1  ^ 
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It  is  clear  that  we  can  obtain  from  the  previously  written  down  values  of 
C^,  (7j,,  C^,  (7jj,  (7^,  Cg^y  nine  formulae  similar  to  the  above  nine  expressing  the  values 
of  a^,  a,,  a,,  6^,  6,,  6,,  c^,  c,,  c^,  linearly  in  terms   of 

1  dB     1  dB     1   dB 


B  da,'   B  da,'  B  da,'  *^"  *'^- 


These  formulae  clearly  are 


1    dB  1    dB  1    dB 

^^     1    dB  1    dB  1    dB 

'''~^''-B-da,^^"'B'dbJ^''B'd^,' 


a,= 

=  C'« 

1  d5 

1  dS. 

1  dB 
■B-dc.' 

i.= 

•c„ 

1  dB 

1  dB 
•B-dc^^^ 

1  dB 
B'do,' 

J.= 

c„ 

1  dS 

1  dB 
•B-dc.+  ^- 

1  dB 
B'da,' 

J.= 

c. 

1  dB 
B'S^^^ 

1  d5 
.B-dc.-^^" 

1  dB 
•B-fl!^' 

<\  = 

C7„ 

1  d5.  ^ 

1  dB 

1  dB 
-B-db,' 

c,= 

c;. 

1  d5 

1  d5 

•5-d^  +  ^- 

1  dB 

B'dh^' 

c,= 

Cr» 

1  dB 
•B'do^^*^ 

1  d5.  „ 

1  dB 
B'db,' 

We  also  clearly  have  the  nine  fonnulte 

A^C^+A„C„+A„C^  =  1, 


^nO^,+A„C„  +  A„G„=0. 

A„C,  +  A„C„  +  A^C^^O, 
A^C„+A„O„  +  A^C^  =  0, 
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We  have  also  the  formulsd 

2 
^^dB  =  C^  .  dA^  +  C^  .  dA^+  C„.dA„, 

-\'2C„.dA„, 
'h2C^.dA^, 
+  2C,,.dA^, 

+  ^dB=A^,dC^  +  A^.dC^  +  A„,dC„, 
+  2A„.dC^, 

+  2A^.dC^. 

All  these  formulaB  as  yet  given  express  relations  between  the  quantities  U,  u^,  u^,  t/g, 
a:,  y,  z,  and  the  diflferential  coefficients  of  the  first  order  of  one  or  more  of  these 
quantities  with  respect  to  one  of  the  quantities  w^,  w,,  w,,  x,  y,  z  \  now,  however,  we 
proceed  to  determine  the  values  of  and  relations  between    the  diflTerential  coefficients   of 

the  second  order If  we  refer  to  the  values  of  (7u,   (7„,    C^^   (7„,  C^  ,  C,,, 

in  terms  of  o^,  o^,  a,;  61,  6,,  i,;  0,,  c,,  c,;  it  is  clear  that  we  may  write 

^''du\'^^*'d;;^j'^'du^^2  SiT/ 

* '  dWj       •  *  c?Mj      ^  *  dt^i "~  du^     2  du^ ' 
it  is  clear  that  we  may  also  write 

da^  da^  da^     1  dE 

,     doi      ,     £?a,      ,     (fag  _  1  d(? 


^*  *  <it^j       ■  *  du^         '  du^     2   [duj^     du^     du^ ' 


Hence  by  elimination  we  arrive  at  the  equations 
du^     du^~ B  '  ddi  '  2  dui* 


+  B 


1     dB     jdF    1  dE\ 
B'  db,'{du,     2  duj' 

1      dB     (dJ_l  dE[ 
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•'  %,     du,     d«, 


I     dB     1  dE     1^     dB     1     dG 
B  '  d(h'  2  du,     B  '  db^'  2  '  du^ 

and  clearly  there  are  in  all  eighteen  of  such  equations;  viz.  nine  of  the  first  species,  and 
nine  of  the  second. 

By  the  previous  written  values  of  -w,   t— ,  &c.,  these  two  equations  may  clearly  be 

written 

d^x      1  dE     (.        ,   A   J.  ,   A     I 

d^x      1  dE(.       ,   A   J.  ,   A     \ 

■^  2  diT.  r"**  ■*"  ^""^  "^  ^"'*'} 
,  1   Wfl"  .  d/    dJ")  f  .       ,    .  .   ^  1 

+  2  te+Si.-S^l^-''"*"^'*"'-^^' 


We  might  now  proceed  to  calculate 

d^U    d'U    d^U     cPU 


,  &c.; 


dx^'    df    d^'  dxdy' 

and  the  various  geometrical  quantities  that  are-  expressible  in  terms  of  these  differentia] 
coefficients  might  thus  be  expressed  in  terms  of  Curvilinear  co-ordinates.  We  might  thui^ 
calculate  a  radius  of  normal  curvature  of  any  one  of  the  three  surfaces  tt^,  w,,  w,;  and 
thus  in  particular  we  might  calculate  the  six  radii  of  normal  curvature  due  to  the  inter- 
section of  the  surfaces  u^y  u^,  u^\  such  investigations^  however,  we  shall  find  it  unnecessary 
to  undertake,  inasmuch  as  they  can  be  more  simply  arrived  at  by  a  change  of  the 
independent  variables  in  the  corresponding  formulae  in  Normal  Co-ordinates. 
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EXERCISE  THE  SECOND. 
NoRBiAL  Co-ordinates. 

The  general  system  of  curvilinear  co-ordinates  involves  expressions  which  are 
functions  of  -4^^,  -4„,  A„,  -4,„  A„,  -4^,,  and  therefore  of  C^^,  C„,  C^,  O,,,  C„,  C^,,  as 
well  as  of  their  various  differential  coefficients  with  respect  to  w^  u,,  m,;  it  is  obvious 
that  such  a  system  is  a  little  complicated,  and  therefore  we  may  enquire  whether  any 
particular  systems  exist  less  cumbrous  in  form  and  capable  of  being  applied  to  obtain 
useful  results. 

One  such  system  of  co-ordinates  is  obtained  by  writing  J.^,,  A„,  -4^,,  each  equal  to 
zero.  It  is  clear  from  the  values  found  for  cfup  du^^  du^  in  the  previous  chapter 
that  such  a  system  of  co-ordinates  are  orthogonal,  that  is  to  say  u^,  w,,  and  w„  mutually 
cut  at  right  angles.  I  shall  not  pause  at  present  to  consider  this  particular  system  of 
co-ordinates,  but  I  shall  return  to  their  consideration  in  a  future  chapter. 

A  second  simplified  case  of  the  general  system  of  co-ordinates  is  got  by  taking  as 
our  independent  variables  not  the  surfaces  u^,  u^,  u^,  but  the  length  of  the  intercepted 
normals  between  u^,  u^,  u^,  and  three  fixed  surfaces  parallel  to  u^  u^,  u^,  respectively. 
Let  us  call  the  lengths  of  these  three  normals  n,,  n,,  n, ;  then  x,  y^  z,  representing  the 
co-ordinates  of  a  point  common  to  u^,  «„  «„  and  therefore  to  n^,  n,,  n,.  Let  a?j,  y^,  ^^ 
denote  the  co-ordinates  of  the  remaining  end  of  w^;  a?,,  y,,  «,  the  co-ordinates  of  the 
remaining  end  of  n,;  and  a?„  y„  jg^  the  co-ordinates  of  the  remaining  end  of  n,.  We 
clearly  have  therefore 

n.«  =  (x-«,)»+(y-y,)« +(*-*/, 
«,»  =  («  -  «,)•  +  (y  -  y,y  +{z-  «X 
n.'  =  (a;  -  a.)'  +  (y  _  yj»  +  («  _  «,)». 
We  clearly  have  therefore 

rfn,    dn^     dn^    dn^     dn^    dn^  ^       ^ 
dx  '  dx      dy  *  dy      dz  '  dz  "^         ' 

dn,    dn^     dn^    dn^     dn^    dn^  _         , 
dx  '  dx      dy'dy      dz  '  dz  "^        ^' 

dn^    dn^     dn^    dn^     dn^    dn^  . 

dx'  d^      dy  '  dy      dz  '  dz  ^       ^' 

59—2 
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where   0  equals  the  angles  between  n,  and  n,,   ^  equals  the   angle  between  n^   and  n,, 
and  -^^  between  n,  and  w,. 

The  system  of  co-ordinates  I  have  just  mentioned  I  shall  call  normal  co-ordinates. 
It  is  obvious  that  they  introduce  much  simplicity  into  our  general  formulsB  inasmuch 
as  for  such  a  system  of  co-ordinates  we  clearly  have  by  the  above  equations 

-4jj  =  A^  =  -4„  =  1, 

A„  =  cos  0,        A^  =  cos  0,        -4,,  =3  cos  -^/r. 

I  shall  for  shortness  in  the  case  of  normal  co-ordinates  write  for  A^,  A^,  A^^\ 
^1,  A^f  A^  respectively,  retaining  A^,  A^,  A^  for  the  general  system  alone.  I  shall 
also  denote  by  28^,  25,,  28^,  P^,  P^,  P^  what  (7ja,  (?„,  (7„,  C^,  C„,  C^  respectively 
become  when  we  pass  from  general  co-ordinates  to  the  particular  case  of  normal  co- 
ordinates. It  is  obvious  that  Si,  &*,,  8^  are  proportional  to  the  squares  of  the  sines  of 
the  angles  between  n^  and  w,,  Wj  and  fi,,  n^  and  n„  whilst  P^,  P„,  Pj,  are  as  the 
cosines  of  the  angles  between  the  three  curves  formed  by  the  intersection  of  Uj,  k,,  u^. 

It  is  hardly  needful  to  write  down  all  the  formulae  of  the  general  system  again 
thus  simplified  by  the  use  of  normal  co-ordinates ;  but  the  ten  following  formula  I  shall 
so  frequently  make  use  of  that  perhaps  their  exhibition  will  be  useful : 


P^+2A^.8,  +  A,. 

i\.  =  0. 

P„  +  A,.P^  +  2A, 

.S.  =  0, 

P„  +  2A,.8,  +  A,. 

P^  =  ^> 

P„  +  A,.P„  +  2A, 

..Sf.  =  0, 

we  have  also  obviously 


28,  +  A,.P„  +  A,.  P„  =  l, 
2S,  +  A,.P„  +  A,.P„'=1, 


-^-§^P„.dA,  +  P„.dA,  +  P^,.dA,; 
^^zA^A^A^+l  —  A^  —-4,  —-4,. 


I  should  here  perhaps  mention  the  theorem  that  if  normals  be  drawn  at  every 
point  of  a  given  surface,  and  if  equal  lengths  be  taken  along  these  normals^  the  surface 
locus   of   these  points    has   also    these   normals    of   the    first   surface   for  its  normals,   this 
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theorem  which    is   easily   demonstrated    gives   a  clear  conception   of  the  manner  in  which 
the  three  normals   become  independent  variables. 

The  three  normal  co-ordinates  of  a  point  in  space  having  been  supposed  to  be 
given,  and  the  three  fixed  surfaces  from  which  the  normals  start  and  to  which  u^t  t«,,  Wg 
move  constantly  parallel  having  been  assigned,  it  is  obvious  that  the  angles  between  the 
normals,  and  therefore  Ai,  -4,,  ^,,  are  fully  determined;  accordingly  there  must  exist 
certain  equations  connecting  the  values  of  A^,  A^,  A^  with  those  of  w^,  n,,  n^,  and  the 
object  of  the  remainder  of  this  Exercise  will  be  to  obtain  six  diflFerential  equations  of 
the  second  order  between  A^,  A^  and  A^,  and  n^,  n,  and  n^. 

I  proceed  to  determine  these  six  differential  equations,  first  pointing  out  a  few 
formulae  and  geometric  facts  in  relation  to  normal  co-ordinates  useful  for  our  after 
calculationa 

Taking  unit  lengths  along  the  three  normals  that  meet  at  any  point,  we  clearly 
form  a  spherical  triangle  whose  sides  are  0,  <f>,  yjr,  and  whose  angles  are  180  —  0, 
180  — <^,  180  — '?^,  where  0,  ^  and  '9  are  the  angles  between  the  three  curves  formed 
by  the  mutual  intersection  of  the  surfaces  u^,  w,,  u^  to  which  n^,  n,,  n^  are  normals.  We 
write 

sin  0  =  A: .  sin  ^ ;    sin  ^  =  A; .  sin  0 ;    sin  '^^  =  A; .  sin  i^ ; 

by  the  ordinary  formulae  of  spherical  trigonometry  we  therefore  have 


ifc'  = 


1, 

cos^, 

cos^  . 

cos-i^. 

1, 

cos^ 

cos^, 

cos^. 

1 

p= 


1. 

cos^. 

cos^ 

cos^, 

1, 

cose 

cosO, 

COS©, 

1 

sin'  0  .  sin*  <f) .  siu'  ^, 


sin*  0  .  sin*  ^  .  sin*  ^fr ; 


j^  =  JB^.  sin*  0 .  sin*  ^ .  sin*  yfr. 

If  we  now  consider  the  parallelepiped  formed  by  the  three  surfaces  ii^,  w^,  w,  and 
three  others  very  close  to  these  three  and  parallel  to  them,  and  if  we  denote  by  ds^ 
a  side  of  this  parallelepiped  formed  by  the  intersection  of  the  surfaces  u^  and  u^  by 
ds^  a  side  formed  by  the  intersection  of  u^  and  u^  and  by  Js^  a  side  formed  by  the 
intersection  of  u^^  and  ti, ;  we  have  then,  by  the  known  formulae  of  solid  geometry,  for 
the  area  of  our  parallelepiped,  the  formula 


1,  cos  ^,  cos  <I> 
cos  '*',  1,  cos  O 
cos  <I>,    cos  0,         1 


but  this  volume  also  equals     cf/i^    multiplied  by  area  of  face  of  parallelepiped    to   which 
dn^  is  perpendicular ;    i.  e.  the  volume  equals  dn^ .  ds^ .  ds^ .  sin  0,  whence 
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ij .  sin  0  = 


1,        cos  "9,    cos  <I> 
cos  '^,        1,        cos  0 

cos  ^,      COS  0,  1 


X  ds„ 


.\  (2iti.A;.8in^  =  A^.sind.sin  ^.sin'^.cb^; 
whence  we  obtain  ds^==  B sm 0 dn^.    Similarly  we  obtain 

&,  =  ^.sin^.cJn^;    ds^  =  B.  sin'^ .dn^. 
Now  by  our  notation  we  have 


with  similar  formulae  for 


dx 


'^"^'   ^^"*i;'   ""'"d^r,' 


Oi.  6„  Cj,   and   a,,  5,,  c,. 


Now  -y-.dnj  is  clearly  the  change  of  x   caused    by   us   going   a  distance   efo,   along 

the  intersection  of  the  two  surfaces  tt,  and  u^;  calling  this  change  Ax,  and  the  cosine  of 
the  angle  that  ds^  makes  with  the  axis  of  x,  cos  a/,  we  clearly  have 

cos  a/  ^^Ax-T-ds^f 


whence 


cos  a/ .  ds.  =  Ax  =  -J-  dn^  =  Oirfw. 


Whence  we   obtain  a^  =  -B  sin  ^  .  cos  a/ ;   and  thus,  if  jS/,  7/,  &c.  represent  symmetric 
angles  to  a/,  we  easily  obtain 

Oi  =  -B. sin^.cosoi';    a,  =  -B.  sin^.cos/S/;   aj  =  -B.sin^.cos7i'; 

Ji  a:  £.  sin^.  cos  a/;     6,  =  5.  sin^ .  cos/8/;    63  =  5 .  sin  ^.  C0S7/ ; 

Ci^JB.sin'^.cosaj';    c,  = -B.sin-^.cosiSj';    c^^B,  sin-^.coSY,'. 

Let   now   0^/8^7^    be  the  director   angles   of   n^,  aJ3^y^  of  n^,  and  og9,73  of    n,.     We 
know  that 

sin  0  .  cos  ffi  =  cos  )8/ .  cos  7,'  —  cos  ^S,' .  cos  7,' ; 

/.   ft .  sin  ^ .  cos  Oj  =  cos  /3^' .  cos  73'  -  cos  /3^' .  cos  7/ ; 

•'•    "5 — '    ^  ^' — r  =  cos)8'.cos7'  — cos)8/.  0087,'; 
JD .  sm  ^ .  sin  -^  '^*  '■  '^"  '■  ' 

.*.    -BcOSffisftjCj  — ftjC,. 

Hence  by  symmetry  we  clearly  have 

B  •  cos  ffj  =  63C3  —  63C, ;    5 .  cos  a,  =  C3a3  —  cfy ;  £ .  cos  a,  =  ajk^  —  03 J, ; 

-B.cosi8j  =  ft8Ci""^A>    -B.cosiS,  =  C3aj  -c^a,;  B.cosfi^  =  ajb^  —  ajb^; 

jB .  cos  7j  =  JjCj  —  JjCj ;    jB.  cos  7,  =  Cja,  —  c^a^ ;  £  •  cos  7,  =  ajJ,  —  aji^. 
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It  served   as  an  exercise  to  obtain  these  last  nine  formulae  thus;  but  we  might  also 
easily  obtain  them  by  simply  solving  the  equations 

dx  =  a^dn^  +  J^dn,  +  c^dn^, 
dy  «  a^n^  +  Aj«?n,+ c,efoij, 
dz  »  a^dn^  +  ftgrfn,+  c^dn^^ 

for  dn^,  dn^,  dn^,  and  then  comparing  the  result  with  the  formulae 

If  we  now  consider  such  an  expression  as 

(  da-  a    da^  ,  da^ 

we  clearly  see  by  the  preceding  formulae  that  it  may  also  be  written  in  the  form 


1 
5 

da, 
dn,' 

da, 
dn,' 

da 
dn 

Ol. 

«.. 

a» 

K. 

h, 

K 

and  hence  obviously  we  have 


f  da.  ,        Q    ^t  ,  da^ 

k 


da^      da. 


_       _      ^ 
dn,'     dn,'     dn, 


+F 


^. 


da, 


dn. 


dn.' 

db, 
dn,' 

t 

»i. 

a*. 

«. 

6.. 

ft.. 

6. 

=  ©• 


da. 


Now  by  means  of  the  values  of  ^ ,  &c.,  implicitly  given  at  the  close  of  Exer- 
cise the  first  on  Curvilinear  Co-ordinates,  the  first  three  lines  of  the  preceding  equation  can 
obviously   be   expressed  in   terms  of  A^,  -4„  -4,   and  the  first    differential    coefficients  of 
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iSfj,  S^,  S^,  Pj,,  P„,  P„  with   respect  to  n,,  n^,  %]   also  the  determinants  when  squared  or 
multiplied  clearly  only  contain  the  terms  or  constituents 

da^  da^  ^  _  ^i 

*  *  rfn,        '  *  flfn,       ^ '  dn,  "^  rfw,  * 

^''  dn^^^^'  dnj^''  dn^     dn^' 

da^  da^,        da^_  d8^ 

'''''dk,'^''^'d^,'^''''d^,''d^,' 

h    ^^h    ^4.&    db^^dS^ 
* '  dn^       * '  dn^       " '  dn^     dn^' 

da       .     ^.  .  7,    ^-^«_^ 
^''dn,^''dn,^''dn,^dn^      dh^" 

^* '  rf/i,       ' '  dn^       • '  dn,     dn,      dn^ ' 

Of  the  constituents  here  written  down  the  first  two  have  the  same  coeflScient  and 
may  therefore  be  united,  and  it  is  easy  to  see  that  when  thus  united  these  combined 
terms  equal 

d'8,      d'P,,     d'S, . 
dn^     dn^dn^     dn^  ' 

thus  clearly  the  equation  that  we  have  indicated  is  a  differential  equation  of  the  second 
order  involving  A^,  A^,  A^,  and  the  rdiff'erential  coeflScients  of  8^,  S^,  8^;  P„,  P^,,  P„ 
with  respect  to  n^,  %,  %.  It  only  remains  now  actually  to  work  this  equation  out; 
before  I  do  so,  however,  I  observe  that  although  in  the  case  of  normal  co-ordinates  the 
adoption  of  the  angles  a^,  /S^,  7^;  a/,  )8/,  7/;  a,,  /8„  7^  is  very  useful,  and  tends  much 
to  shorten  our  future  calculations,  yet  most  of  the  results  so  arrived  at  might  be  obtained 
•4)y  a  purely  analytical  process  without  the  introduction  of  any  trigonometric  conceptions 
whatever;  for  example,  we  might  so  obtain  the  previous  equation,  for  clearly  we  may 
write  it 
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(dB     da^  dB     da,     dB     daJ" 

\dc^  '  dn^  dc,  '  dn^     dc,  '  dnj 

_(dB     da  dB     da^     dB     da^ 

\dc^  '  dn^  dc,  '  dn^     dc^  '  d/ij 

^f^     db,  dB     db       dB     db,\ 

\dc^  '  dn^  dc,  '  dn,     dc^  '  dnj 

/day     fdaX  ,  fda^  ^         da  da  da^     ,    da      j^    da,  ,  ,     da. 

da.  .  da.  .        da^  j  ,      •  ,      ^        ,    ,      ,    ,      , 


«A  +  «A +«.*.;  K+l*+b,' 


+ 


da^  db      da^  db      da,  dh^^        '^^i  +  a    ^  +  a    — »•    6    ***>-!.»    ^  +  ft    ^' 
dii^-di^,^dn^-dnjdn,-dn,'  "••-/"  ^"••''«  +'*»-'^«  '    ^^' ^^ ^ ^*- -Jr.  +''.-^ 


tin. 


•■rfn. 


'  dn. 


'dn' 


dn^  '  "•'dn, '    "^' dn^^''*' dn^^"*' dn^ 

oA  +  «A+«A;  K  +  K+K* 


If  we  look  back  now  to  the  values  of  >- ,     ,  '  ,  &c.,  implicitly  given   at  the  close 

of  the  previous  Exercise,  it  is  clear  that  the  above  in  the  case  of  general  co-ordinates 

may  be  written 

fj      l^j-A     l^^A     1(^4.^ -^M* 
1^"  -2  du,        "  2  dM.        ••  •  2  U"x     dw,     dtt,/ 1 

~  r"  •  2  d«,  ■•■     "  •  \du,     2  d«,/  ■*■     » •  Uw,     2  dwVl 

'^  I"  •  U«,     2  d«  J  ■*"  ^^  •  2  d«,  ■•■  ■^"  •  U«,     2  d«,/j 
1  d'E      d'F       1  d*^.   1  d^     1  dG^ 

+  o     J..  «         J..    J..    +  o     J„  «  » 


1 


2  dw,'     dujdw,     2  dw,*'    2  dw,'   2  dw, 
1  d^ 


2  dw, 
1  dO 


2  da. 


'  ff 


dF     1  d(? 


1  dE 

2  d«,' 


2  da,'         -^     ' 


;      F    ; 

d^_l  d^ 
du,     2  du, 

J" 


J' 
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80  that  in  the  particular  case  of  normal  co-ordinates  we  clearly  have 

r»  •  dn,  +  ^»  •  dn^  +  2  V  dn,  ^  dn,       dn,  ;j 

~r*-di^J^'-[ dn^      dnj  ^  \ dn,      dnj] 
(        /dP.._d5A  dS      (dP^_dSM. 


d*8,     d^P„ 
dn*     dn^dn^ 

+  dV ' 

d5,  ^    ds, 

dn, '     dnj 

1 

dS^ 
dn. 

25.;    P.. 

dS, 
dn^ 

P„;     25, 

0         ; 

d^, 
dn/ 

dP„     d5. 
dn.      dn. 

1 

dn,      dn, ' 

25.; 

P„ 

d5,       . 

i'„; 

25. 

Let  us  write  the  above  equation  in  the  form 

(11)  +  (22)  +  (33)  +  (23)  +  (13)  +  (12)  =  0, 

where  (11)  equals  the  sum  of  all  the  terms  that  have  two  I's  in  their  suffix;   (13)  equals 
sum  of  all  the  terms  that  have  a  1  and  a  3  in  suffix,  and  so  on. 

(11)  equals 

fldP^  d5J' 

12  dn^^-^^-dnJi        ■ 


but 

therefore  (11)  equals 


25,  =  £• .  (1  -A^") ;  25,  =  £» .  (1  -  A,'), 
P..  =  5'(AA-^0J 


dS, 
dn^ 


'  aJ4-^aJ-^^aJ-^^ 


dn. 


dn^ 


dn. 


dn^      dn^ 


hut 


^f,  +  5,  +  5.  +  AP„  +  ^,P„+^.P„  =  ^, 

P^.dA,  +  P„.dA,  +  P„.dA,  =  -^, 
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so~that  clearly  (11)  equals 

4  \dn^}      dn^ '  dn,     B  '  dn^  '  dn^ ' 

(22)  is  obviously  symmetrical  with  (11),  hence  (22)  equals 

l/dP..Y     dS^    dS^.L   ^    ^ 
4  ^  dn^  J      dn^  '  dn^     B  '  dn^ '  dn^ ' 


469 


(33)  clearly  equals 

1/JP,A»     dS,    dS, 

(12)  clearly  equals 

t   '   «f«,  '  2  dn^]X^^-dn^  '  2  dn J 

-{^^A.-»....f;} 

^t-k^-^'-k^^-f] 

-A.--.S: 

.  1 

r.2s..f-,f.-M..^.f.                1 

+  5^- 

(Z5f.    rfS,           dS^   dS      p    dP^    dP„ 

which  equals 

^    fdS,  d8^_dS^  dS^ 

^'\dn^  '  dn^      dn^  '  dnj 
.A  .^  ^         f«) 


.4  ^.  ^ 


-4 

_dPy   rfS. 


rffij  '  dn^ 
dP,,   dS^ 


.(a) 


1  dP,.  dP„ 
■*■  2  dn,  •  dn^ 


dP,,   dP„ 
dWj  '  dn. 


.(^. 
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The  fire  terms  marked  (a)  equal 


ldf„ 

'2  drt. 


2     »•  dft,  •  dn^      2     »*  drt,  •  dM,  ' 


and  hence  they  equal 


l^f        dA^.p     dA,  dA,) 

■*"  2  d«,  (    "•  dn,  ^     "  •  d«,  "^     "•  dnj 

.ldP^(       dA,  dA^  dA,) 

^2  dn^l   "'  dw,        "•  drt,"*"    "•  dnj 

_ldP^J.     dP^.p     dAX 
2  d«,  !'•  d«,  ^    "•  dnj 

2  d»,  t'*  d»^     '^"'  d«J' 
and  hence  these  terms  marked  (a)  equal 

1  dP.J       dA^  dA^  dA,\ 

2  dn,  1   »•  dn,  ^     " '  d«,  ^     " "  dn^  J 

1  dP,,f       d^  dA,  dA) 

^  2    dw,  r  "■  dji,  ^     "  •  dn^  ^    "  •  dn.  j 

1  dPr    dS      p     dA^  dPJ 

+  4    dn,   r-d»,^-^'»-d«,  +^»'  dnj 

1  dP..|     d.S  dA  dP„) 

+  4    dn,  t   ■  ~dn,  ^  ^» '  dn,  +  "*' '  dn7| 

_i  dP    r      dP„  dA^ 

4    dn^   (    '•  dn.  ^     "'dnj 

4    dn,  1    »*  d»,  ^     "-'dnj  • 

The  last  line  in  (12),  that  is  to  say  the  terms  marked  fi,  equal 

S{dP^     dP„_dP,,     dPJ 

4  \d»j    '   dn^       dn^   '   dn^y 
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(12)  therefore  may  be  written  in  the  form 

_1    {dP^     dP„^dP„     dPJ 

2     \dn^  '  dn,      dn,  *    dn^] 


1      rfP„     dB 


2B  '  dn^  '  d», 

_J^     dP^     dB, 
'2B'  dn,    '  dn^ ' 

M     d8,_dS^     d_S^ 
•■  K»,  •  dn^     dn^  '  dnj W. 

+  ^'-tdn,   •  dn,       dn,   '  dnj  W. 

(dP„    d^_dP^    dsx 
^-^^'Idn^    •  dri,       rfn,    ■  dn^] ^"'^' 

3    (dP„     dP„     dP„     dPJ  „  . 

"''    '^'\dn^    ''dn^~'dn^   '    dnj  ^^"^^'^ 

1           (dP„     dP^_dP^     dP^) 
^4     '•  l<in,    •   dn,       dn,   '   d»J    ^^''' 

+  4^«*   (rfn,    •   dn^       dn,    '   dn^\  ^^^' ' 

■•■i-^»*{dn"  •  'd^,~  dn^  •  ^j   ^^^' 

*\M^-'^-'-k-S ^^^- 


My  object  is  now  to   express  each   of  these  last  eight  determinants  in  (12)  in  terms 
of  the  first  differential  coefficients  of  A^y  A^,  -4,  with  respect  to  w^,  w^,  w,. 

A  1^     dS^_dS^     d8,\ 
•  \dn^  '  dn^      dn^  '  dnj 
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which  equals 


^^^^«^.{'f; 

dA, 
-dn. 

_dA, 

dA,) 
'  dnJ 

+  iB'S.P^^,  |^« 

dA, 
dn. 

-'^. 

dA\ 
dn^ 

+  iB'S.P^A.  {^ 

dA, 

_dA, 
dn. 

dA^ 
•  dnJ 

+  2ffSJ^^,A,  1^ 

dA, 
dn^ 

_dA, 
dn^ 

dn^ 

+  2^^^^A{^ 

dA, 
'  dn. 

dA, 
-dnl 

The  next  term  in  (12)  that  we  have  to  reduce  is 

*  \  d%  '  duj^       dn,    *  dnJ  ' 


It  equals 


+  b'a: 


+  2BAr       '^^ 


dA, 
dn. 

_dA, 
dn. 

dA,) 
dn^, 

dA, 

dA^ 

dA, 

dn. 

dn. 

dn, 

dA_ 

dn^ 

dB 

dn. 

dA, 

dn,' 

dn^ 

dB 

dn,  ' 

dAX 
dn. 

dn^ 

dB 

dn. 

dA) 
■  dnJ 

'.■«.•  If 

or  in  this  writing  "5"  "^  "  i^is^A  +  ^is  ^A  +  Pi^^A)  > 

we  clearly  transform  it  into 

*    '^^[dn^  *   dn^       dn,  *  dnJ 
+    B'A^A  i^     dA^^dA^     dA^ 
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Thirdly,  we  reduce 


dA,  ^  dA,) 

dA,     dAA 
dn,  ■   dnJ' 


dP„     dS, 


'i 


This  clearly  equals 


which  clearly  equals 


dA^ 
dn^ 

dB 

dn^  ' 

dB 

dn^  ' 

dB 
d»,  ' 

dB 
dn. 


dAX 
d»J 

dn,] 

dAX 
dn^) 


dA 
dn. 


dA 


'i- 


B'A,. 


_^     dAJ 

dn,  '  dnJ 

dA^     dA,) 

dn,  '  dnJ 

dA,     dAJ 
dn^  '  dn,) 

.     ^\ 


dA 
dn. 

dA, 

dAj 
dn^ 

dA^ 
dn^ 

dA^ 
dn. 


dA, 
dn. 


dAX 
dn,\ 

dA, 
dn^ 


dA^ 
dn^ 


Digitized  by 


Google 


474 


Rev.  J.  W.   WARREN^S   EXERCISES  IN 


The  four  terms  marked  respectively  (v),    (vi),   (vii),  (viii),   in  the   expression   for  (12) 
we  must  now  reduce.    It  is  clear  that  they  may  be  written 


+Iba,{a^,-a,)\ 

dB 
[dn,- 

dn. 

dB     dP„] 

+Ibama,-a:)^,1- 

dn. 

dn^      dn^  j 

+  lB'A,AAf-^. 

_dA,     dPJ 

dn^  '   dnj 

^[ffA^.. 

(dA^ 
dn.. 

_dA^     dPJ 
dn^  '   dn^) 

-I'^^M^.- 

dn^ 

-i^A^-f^ 

dp«. 

■   dn. 

d«,  •   dnj' 

and  the  above  clearly  equals 

l«w-^.if|- 

dP^ 
d\ 

dB     dPJ 

dn,  '   dn. 

-I'^-M^, 

dn. 

dA^     dP.X 
dn^  '    dn^^ 

^^^Af^ 

•    dn. 

__dA,     dPJ 
dn^       dn^  j 

The  first  of  these  three  lines  equals 

+  BA,{8,-8;) 

dB 
dn^ 

dA, 
•   dn. 

dB     dA^ 

dn^  '   dn^ 

whilst  the  last  two  develope  into 

BA, 


dA, 
dn. 


dB 

dn. 


dAX 
dnj 


dA^ 

dn^ 

dA. 


dA, 
dn, 

dA, 


dwj  djij 
dA,_dA^ 
dn^      dn^ 

dA,     dA, 
dn,      dn. 


dA 
dn, 
dA, 
dn^ 

dA 
dn. 
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From  these  nine  lines  it  is  now  easy  to  pic^  out  the  coe£Scients  of 

(dA,    dAj_dA^    dA,\ 

{dJ^    dA^_dA^    dAJ 

(dA^    dA,_dAj,    dAJ^ 
Xdn^  '•  rf»j      dn^  '•dn^y 
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the  result  is  easily  seen  to  be  equal  to 


<dA^ 


dA^     dA^     dA 
dn^      dn^  *  dn^ 


^} 


fA4j    dA,_dA^    dAX 
\dn^  '  dn^      dn^  '  dn^) 


\dn,  '  dn^~  dn^  '  dn^) 


+  \ffA,P^.{A*-A:), 


1 5*^.^., 

+ffAj>„,{s,-s;i, 

B^A^A^,, 

—  "-o.,^,  .  P^  .  P^, 

—  ffAgA, .  P,, .  P„, 
+  ffA^^{8,-8:), 
[+ffA,P^{8,-8;). 


It  now  only  remains  to  reduce  the  term  marked  (iv)  in  12,  that  is  to  say 

4  (d/i,  *   dn^       dn^   '  dn,J* 
on  expansion  this  clearly  becomes  equal  to 

4i       (dn,  *  cfWj      dn^  '  dn^) 


4        •  \dn,  '  dn^     d»,  *  dn) 
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4        '^*  (dn,  *  dn^      dn,  *  dn,) 
-.Ib*A      i^    ■dA^_dA^    dA^) 

4         •      (rfn,  *  dn^       dn^  *  dn,j 

• 

These  two  last  lines  marked  (a)  may  be  replaced  by 
+  2^-t'P«  +  ^.^»J      \dn,'lii^     dn,'  dnj 

And  hence  by  picking  oat  ooe£Scients  we  find  that 


8  {dP„    dP^_,dP^    dPJ 
4\d»,  *  dn^      dn,   '  dn^) 


may  be  written 


"jdn,  '  dn, 


',      dn,  •  dnj 


fdij     44,_44i     ^] 
(dn,  '  dn,      dn^  '  dn,) 


+|5*.(.i^„-APjp„ 
+  |5».(P„  +  APjp.., 
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-|5«.(P„  +  ^.P,.)P„. 

We  are  now  clearly  in  a  position  to  calculate  what  may  be  called  the  ''Determinant" 
portion  of  (12),  accordingly  ^  we  first  calculate  the  coefficient  of 


it  equals 


\dn^  '  dn^      dn^  '  dn^y 


(1) 
+  2ffA,A^,P„ 

(3)  (8)  (4)       , 

- B^AM, - ^ffS,P^*  +  2ffA,  IA,P^ - S^i  P„ 

(5)  (6) 

+  2ffA,*8,P„-  2ffA^,8,P„ 

m  (8)  (9) 

- 1  B^A,A,+  \ffiA,*-A,')  (P^+A.PJ-B'A.A^^', 


(10) 


(12) 


(18) 


(11) 

+  lB^A,A,  +  lB*A,  +  lB'{A,P„^A,P^-AJPJP„-lffP„P,,. 

We  now  must  make  use  of  the  ten  equations  given  at  commencement  of  this  Exercise : 
by  their  aid  the  four  terms  marked  (3),  (5),  (8),  (12)  become 


this  equals 


^lB'A^,j>^+ff{8,-s;}AA,; 


to  this  join  on  the  three  terms  marked  (4),  (9)  and  (13),  and  we  get 


B'PJ 


A,S,-3A,8,-IAJ>„  +  2A,A^, 


^  A  A  P   — -  P 


which  clearly  equals 
which  clearly  equals 


"l+2J.^^„-^,^.Pj' 


61—2 
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which  clearly  equals 

which  finally  equals  +2-^-^i-Pw 

Now  the    terms    marked   (1)    and   (6)   mutually  cancel,  there  therefore  remains  only 
to  consider  the  four  terms  marked  (2),  (7),  (10),  (11) ;  these  may  be  written  in  the  form 

£*|^..(l-^,«)  +  ^(^^-Jj}, 

which  clearly  equals 

but  2A^^  =  -P„-A,P^. 

Whence  joining  on  the  previous  found  term  -^r-s^A^P^,  we  finally  obtain  for  the 

coefficient  of 

fdA^    dA,_dA^    dA\ 
\dn,  *  dn,      d»,  '  dn^J  ' 

in  (12),  the  term  ~^{2A,P^  +  SPJ, 

and  therefore  by  symmetry  the  coefficient  of 

(dAj     dA^_dA,     dA,) 
\dn^  '  dn,      dn,  *  dn,) 

equals  -^  {2AJ'„+ 2PJ. 

The  remainder  of  the  "Determinant"  portion  of  (12)  is  the  coefficient  of 

(dA,    dA^_dA,     dA,) 
|dn,  *  dnj      dn,  *  d»,j  ' 
which  is,  by  picking  out.  found  to  equal 

(1)  (2)  (8) 

B'A,A,A,  +  2ffA^,S,P„  +  2ffA,A^J>„ 

W  (6) 

-B'A,A^,-2B'A,A,8J'„ 

+  2ffA,.{Alp„-8;i.P„ 

(7)  (8)  (9) 

-  B'A.A^,  -  ZB'A^.S.P,  +  2JB*-4,  {A,P^  -  5J  P„ 

(10)  (H)  (12) 

+  B*A,A^,-  ffA,A^J>„-Ji'A,AJ>J>, 


18 


(18)  (14) 

+  lB^A,.iA:-A,')P„  +  \B'A,.(A*-A,')P^ 

(16)  ao)  a?) 

+  |5'.(^.*-l)-|5'.(P„  +  ^A)P«-|5*(P,  +  ^.PJP. 
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The  terms  marked  (6).  (9),  (11).  (12),  (16).  and  (17),  sinoe 

may  clearly  be  written 

ffA,P^  {2AJ>„  -28,-  AJ>^  +  35.1 (a), 

+  B'A^^  {2A,P„  -  28,  -  AP«  +  m (?). 

But  28,-28,- A,P„^ff  {A*- A,A^,]  ^-PA^,,. 

aad  28,-28,-AJP„  =  ff{A*-A,A^i^-:EfA,P^. 

Hence  clearly  the  two  lines  (a),  (a)  equal  • 

ffA,P,,{A^^+8,}  +  ffA^^  KP.4  5J ; 

to  this  join  the  terms  marked  (13)  and  (14),  and  we  obtain 

E^A,P„{A^„^8,+  8,-8,) 

^P^AJP^[AJP^  +  8,  +  B,-B^, 
which  equals 

+  \ff{A,P„  +  AJP„l=\l^.{\-2Sy, 
to  this  join  the  term  marked  (15),  and  we  finally  get  for  the  coefficient  of 

(dw,  dn^      dn^  dn^  j  * 
the  term  +|5'-|5*^,. 

We  can  now  write  down  the  complete  value  of  (12);  referring  to  page  469,  we  find 
it  equals 

4  (drij   *  rfn,      dn^   *  dn^) 

l(c^    dP„    dS,    dP^) 
^2\dn,''dn,^dn,'  dnj 

J^dP^    dB_l^dJ^     dB 
'~  2B  dn^  '  dn,     2B  dn,  '  d«, 

+  ^(i4P  +ap  l3^-^  ^4 
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We  must  DOW   calculate  (13) ;    if   we  refer  back    to    page   468,   we    easily   find  that 
it   equals 


dn,  C^'dn^i  dn^] 


.A  ^'     ^« 

Clearly  this   may  be  written 


_HdP»dP^^dP^d^\ 
4  \  dn^   '   dn^       dn^   '   rfn,  j 

l|d«,     dP^^dS,    dPJ 
2  \dn^  '    dn^      dn^  '   dn^  j 

i(dp^  dp^_dp^  dp„\ 

4tdn,    •  dn,       dn,  '   dn^] ^^'' 

\{dp^  d8,_dp^  m 

2\dn,   ■  dn,      dn,  '  dnj  ^"'' 

(dP^     dS,_dP^     d8^ 
'\dn,   '  dn,      dn,   '  dnJ ^*^. 

-^^  tdn,  *  dn,      dn,  '  dnJ W- 


+ 

+ 

+ 

+  A 


+ 
The  last  four  lines  marked  (a)   clearly  may  be  -written  in  the  form 

il*U  ^+Ia  ^+1^.1 

dn,  \    '-dn,  ^  2  ^'  •  dn,  +  2  dnJ 

an,r^'  dn,^2^»'dnj 

_d8,(       dj^     1         dP„     IdPJ 
dn,  \   *-dn,  ^  2^>  •  dn,  +2  "SirJ 

_d5.|     ^     1  dA,) 

^d«,  Pdn,  ^2'^»'dnJ 

+  l^I»U  ^*  +  '^A     ''^>.  +  l^l 
^  2  dn^  n  dn,  ^2     »  •  3^  ^2  dn,  j 

^  2  dn,  r*  •  dn,  +  2  ^»  dn,      "'  dn,  "  2  '^"  d;i,  j 

2  dn.  \   ''dn,  ^ 2  ^» '  d«.      2  dnJ 

►,   r*  •  dn,  ^  2'^«'  ^,      *•  •  dn,      2^"-  d^J  ' 


IdP 

2  dn 
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But  this  is  easily  transformed  into 

d»,      d»,  *  <in,J 


And  this  clearly  equals 


dB     dA^_dB     dA,\ 
dn^  *  d»,      dn,  *  dn,) 


5^A  I 

1  ^  p   frf5     rf4,     dB     dJJ 
■5*»^»ld»,  •  dn^     dn,  •  dn,J 

1  ^p    fdB     d4,_dB     ^4,1 
\B  *^»*  Idn,  •  dn,     dn,  '  dnj 


■""afi    "  V»,  •  dn^     dn^  '  dnj 
■'■'^•4    tdn,  •  d«,  ~d»,  •  dn,] 

2     (c^Wj  *  dn^       dn^  *  dnj 

+  B.iM.     dA^^dA^     dA)(AJ>,^     AJ>,.     A^8^ 
^^\dn,  •  dn^      dn,  '  dnj  \    4         "2 2   J* 

A  8     AJ^  P 

Hence  remembering  that  iS.S,  —  i^u* «  ff,  and  that  —  — ^ ^-^  =*  +  "i*  above  equals 

B  rdB     dA^^dB     dAX 
2   jdnj  *  dn,     dn,  '  dnj 

5Tj,fd4,     d4,_d4,     d4,l  " 
4     |dn,  *  dn^  "  dn,  *  dn,) 

JTgfd^,     d4j_d4,     d^J 
4     Idn,  *  dn,      dn,  '  dn,j 

(dA^    dA^_dA,     dA,\ 
\  dn,  '  dn^      dn,  *  dn,  j  * 


2 


Hence  referring  back  to  page  480,  we  clearly  see  that  (13)  equals 

1  (dP^    ^  +  ^     ^l 
4  ( dn,  '   (fo»,       dn,  *  dn, ) 

Ifd^     dPj,     d^,    dPJ 

2  \dn^  '  dm,      dn,  *   dn^  j 
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+  ■ 


(dA^     dA,_dA^     dA^ 
[drij^  *  dn^      dn^  *  dn^) 

8gP^  \dA^     dA,_dA^     dAX 
4      \dn^  '  dn^      dn^  '  dn^) 

4       \dn^  *   dn^      dn^   '  dn^)  * 

(23)  is  clearly  symmetrical  with  the  above  value  of  (13),  and  since  we  now  know  the  value 
of  (23),  (13),  (12),  (11),  (22),  and  (33),  we  can  cleariy  write  down  the  form  of  their  sum, 
that  is  to  say,  the  differential  equation  of  second  order  indicated  at  commencement  of 
this  exercise,  before  we  do  so,  however,  it  may  conduce  to  clearness  and  conciseness  to 
adopt  the  following  cyclic  notation:  write 

dA^     dA^^dA^     dA^_(2S\ 
dn^  •  dn^      dn^   '  dn^  "  \2Sj  ' 

dA^     dA^_dA^     dA^ _  /31\ 
dn^  '   d/?,      dn^  '  dn^  "*  V23/  * 

dA,     dA^_dA,     dA^  ^/12\ 
dn^  '  dn^      dn^  *  dn,      V23/ 


Similarly 


dA^     dA^^dA^     d^3^/23\ 
.  dwg  *  rfrij     .  dWj  *  rfn,      \2l)  * 

dA^     dA^^dA^     dA^^/U\ 
,dn^  '   dn^     ,dn^  '  dn^      \SlJ  * 


dA^     dA^  ^  dA^     dA, 
^  dn^  '  dn^    ^  dn^  *  dn^ 


Similarly 


dA^     dA^_dA^     dA^^  /23\ 
dn^  *   dn^      dn^  '  dn^      Vl2/  ' 

dA,     dA^^dA^     dA^^fSly 


.,  '  dn,  "  \12J  • 


d»,  '  dn,      'dn^ 

dA,     dA,_dA,     dA,^ /12\ 
'  dn,  *  dn,    '  dn,  *  dn,      \12J* 

We  also  write  or  denote  by  A  the  expression 


l^^dP^Y     dS,    dS, 
dn,  '  dn. 


^l(dP^\'_d8,    dS, 
4  \cin^J      dn^  '  dw, 

^lfdP^3     dP^     dP^     dPJ^ 
ii\dn,   *   dn^       dn,   '   dn^) 
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4  I  dn^  '  drij^  dn^   '  dn^ ) 

2  \dn^  '   dn^  dn^      dn^ ) 

4  ( dii,  *  dn^  dn,  '   <?n,  J 

,  1  (dS,     dP„  .  dS^ 

2  (cfn,  '   dn,  dn. 


•)• 


Adopting  this  expressive  notation  the  differential    equation    of    the  second  order  in- 
dicated at  page  468  may  be  written 


d^8,  .    (rP„ 


4i 


^ , 

dn*  ^  dnjd»,     dnj' 

+     A 

dS,     dB    d8,     dB 
dn^     dn^     dn^     dn, 

1  dP,.  dB    1  dP^  dB 


-f 


12M 


2  (2n,  <^n^     2  dn^  dn^. 
■-(SUA+3PJ.@-(MA+3PJ.(ij)-(2-WSJ.(lD 

all  equal  zero. 

Of  course  we  have  two  more  differential  equations  symmetrical  with  the  above^  we 
do  not  at  present  proceed  to  write  these  down,  but  go  on  to  calculate  the  three  re- 
maining differential  equations  of  the  second  order.  For  convenience  we  use  Wj,  n,,  n^  in 
place  of  the  correct  symbols  w^,  i^,,  w,.    We  have  already  seen  that 


da, 
dn,' 

dn,' 

da, 
dn. 

db^ 
dn,' 

db, 

dn,' 

^ 

»i. 

o.. 

«• 

X 

«i. 

«.. 

«. 

K 

K 

h 

K 

h„ 

6. 

Minus 


Vol.  XIL  Pabt  IL 


da^     da^     da^ 
dn^ '   dn^ '  dn^ 
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admits  of  being   written   in  two  forms,   and  of  course  the  difference  of  these  two  forms  is 
zero,  hence  we  obtain  three  differential  equations  of  the  second  order. 

Now  the  like  remark  applies  to 


da^     da^     da^ 
dn^*   dn^*   dn^ 


db^     dJ,     db^ 
dn^ '   dn. 


•1    .     **"•! 


0, 


Minus 


da^     dcb^     da^ 
dn^ '   dn^  *  dn^ 


db^     db^     db^ 
dn^ '  dn^  *  dn^ 


Clearly  we  may  either  multiply  together  our  determinants  first  and  then  interpret  the 
symbols,  t.c.  substitute  other  yalues  for  them,  or  we  may  substitute  the  values  for  our 
symbols  first  and  then  multiply  afterwards;  subtracting  these  two  equal  results  we  get  a 
differential  equation  of  the  second  order,  and  two  more  can  be  formed  in  a  similar  manner ; 
thufl  we  have,  multiplying  our  determinants, 

^  d6,  ,  da,  (ft,     rfo,   dft,    ,  da,     ,  da,     ,  da,       da         da         da, 
dn,'dn,dn,'dn,^dn,'dn,''dn/^*^^^^*^r.  >^i:7r  +  ^»w«  +^»:Ar 


'dn.     "-dM. 


'dn. 


'dn. 


dn^ 


'.•^+v|+»..t'V+»>v 


db, 


db. 


db. 


Minus 


da,   db      da,  db^     da,  ^,  ^     .  da,     ,  da,       da^        da,        da, 
Chr,'dn,^dn,-dn,^dn,-dn,''''dnj''*dnj'''dn,'^'dnj^'dnj''»di^^ 


A.§+6..^+V^';V+V+V 


dn. 


'dn. 


;  6A  +  i,c,  +  &^, 


v^;+''-t^^-^.'  ^^'^^'^'^'^'    •'  ''^''-"o' 


but  £=     ftj,  6,,  6, 

Cl»     ^8*      ^8 

and  so  this  same  result  may  be  exhibited  in  the  form 


dB 


Vf-Vi  =  ^,    &c.,  &a 


da^^ 


(da^  dB  da,  dB  da^  dB) 

\dn, '  da,  dn,  *  da,  dn,  *  daj) 

(^  dB  db^  dB  ak^dB) 

\dn^  *  da,  dn, '  da,  dn, '  da  J  ' 
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Minus 

(da^  dB     du^  dB     da^  dB\ 
\dn^*  da^     dn^'da^     dn^'daj 

(rfn,*daj     dn^'da^     dn^'daj* 

Now  to  simplify  all  this  observe  that 

da^  db^     da^  ^  •  ^  ^ 
dn^ '  dn^    -dn^  *  dn^     dn^  *  dn, 

da^  ^_^  ^«^  ^ 
rfiij'dw,     dn^'dn^     dn^' dn^ 

equals 

1  d* 

which  equals 

1  f  d V         d'Jg'       rf'g      d'^  ) 

2  (dWjdw,     dn^dn^     dn^  ""  dw,dnj  " 

»     cfa^      ,     <?a^     ,      dttj  _  dF     1  d^ 
''>•  *r,  ■'■*'••  dn, '*■*'•  •  d»,"2dB,» 

^  d6^  ^_ld/ 

"'  'dn.  ''■  "» •  dn,  ■*■  *'•  •  dn,~2dn, ' 


We  have  also 


62—2 
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We  have  also  of  course 

c*  +  e*  +c,»  -J, 

If  we  refer  back  to  "Exercise  the  first"  we  find  that 


„   da^^dB     Ids     dB      (dF_ldE\ 
'  dn^     da^  '  2  dn^     d^^  *  |dn,     2  dnj 

dB      {dJ_ldE\ 
■•"  dc^  '  \dn^     2  dn,]  ' 


and  we  may  change  a,  into  a,  or  a,  in  this,  if  we  at  the  same  time  change  6,  into  6,  or 
&,,  and  <5,  into  c,  or  c,.    We  have  also 

cfra^     dOj  2  dn^     dh^  2  t^n, 

■*'dc,2Vn,     d»,     rf«J* 
And  here  also  we  may  change  a^  into  a,  or  a,,  6^  into  \  or  &„  c^  into  c,  or  c,,  and 
leave  all  else  the  same. 

We  can  easily  obtain  in  a  similar  manner 


dn^     da^  *  2  dn^ 


l,dBl(dFdH_dJ) 
,     db^  2  |<i»,     d»,     dnj 


dB     Idl 


And 


2dn,' 

rfn,     da^  '  2  \dn^     dn^     dnj 

dB    Ida     dB     Idl 
"^db/  2dn,dc^  '  2dn/ 


Hence  we  can  form  the  equation 


1^ 


+  s 


d*J       1 


d*F 


2  dn^dn^ 

Ida 
2(2n, 

\dJ 
2<2n, 


\d*H 

+  o 


1   d*E      dF     IdE     dJ     IdE 


2dn^d%^2dn*     2dn,dn/  dn^     2  in,'  dn,     2dn, 


1 


l(dF    dH_dJr) 
2  \dn,     d»,     dnJ 


Ida 
2dn. 


1  fifl"     AT     ^ 
2\dn,'^dn,'^dnJ' 


a 

H 


a 

H 

1  dl^ 

2rfn, 
H 

I 


H 
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(    "  •  2  <in,        »  •  2  dn,  "^  ^"  2  U».     <?»,     dnj^  ~ 
{.      IdE  idF     \dE\       .      [dJ     \dES\ 

"  T"  •  2  Sir,  "^  ^»»  •  w«.  ~  2  sirj  "*"  ^"  •  l(^"  2  dnj] "" 

^  t^"  •  2  W»,     ^,     d»J  ^  ^"  •  2  </».  ^  ^"  •  2  d« J  ' 
all  equal  zero,  so  that  in  the  particular  case  of  normal  co-ordinates  we  obtain 

2if.^*^A     ^»'-\dn^dnJdn,dn,      dn*      ^  dn,dny 


487 


-i 


0    .      £^_^t: 


2^ 


0 


28, 
dR 


l(dPa^dP^    dP,. 
2  \dn,      dn. 


,       dnj' 


28. 


V^  +  ^-'^-^V  P 


dn. 


25. 


^  {dn,'  "^ ^»  d»)  "*"  ^»  2  (  dn"  "*"  dn^     ^jj 

~  fe  "•"  ^»  (  di^ ~  dV ''" ^*  Vd^~ dii^Jj  ^ 

^  12  Un,      d»,       dn^ ;  ^  ^»  dn,  ^  ^'  dn,  J  ' 
all  equal  zero. 

It  is  obvious  that,  as  at  page  468,  we  may  write  this  last  equation 
(11)  +  (22)  +  (33)  +  (12)  +  (13)  +  (23)  «  0. 
and  we  must  now  as  there  develope  separately  each  of  these  terms. 
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Firstly,  for  (11)  it  equals 

_ldP, 
2  dn, 


But  this  equals 


«     i^  +  A     ^P»  +  A    ^\ 

2  dn,  V»i        ••  dn,  ^^*-  dnj 
2  dn,  *   dn^      2  dn,  '   d», 


But  this  equals 


2  dn,  V»,  *dn,  +d«,     ^>  dn,  *^»  dn^  ^'^^  dnj 


which  finally  equab 


Next  (22)  equals 


*  (4  V  fl&i,  /      d»,  '  dnj 

_  J_£B     dPg 
iS  dn,  •   rfn,  • 

+  2^«-  dn,  t<fo.,  +  2^»  dnj 

_iPp    /'^V     p     dS,     d8^ 
ff\i    '*\dnj      ^»  '  dn,  '  dnj  ' 


which  clearly  equals 


^•|4Un./      dn,'dnj' 
(33)  and  (22)  must  be  symmetiical,  and  hence  (33)  equals 

fl/rfP„Y_^     dSA 
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Having  thus  calculated  the  values  of  (11),  (22),  and  (33),  we  shall  now  proceed  to 
calculate  (23),  it  equals 


_.    d8,(       dS      idPJ 
^»-3n',l^»'^"^2  dnj 


4    •^^  dn^  *  dn^ 


\dn,  "^  2  ^  •  rfnj  t<in,  ^  2  ^»  dnj 


J^ 

ff 


dn^  rfn,  ^  ""*  dn,  dn, 

1  dP„     dP^ 

2  "  dn,  '   dn. 


all  which  may  be  written 


_1    .  dP^     dP„ 
2  ^«  dn,   •  dn. 


2  (fe,  Vn,  +  dn,  +  dn,  +^« '  dn,  +  ^' '  dn,  ^  ^'  dn.  | 

2  dn,  f  -  •  dn,  +  -^^  •  dn,  ^  ^» '  dn,  j 

_ld^fp    d^.  p     dA,  dA\ 

2  dn,t  "'^"^    "•  dn,"^-^"'  dn,J 

Id^f       dA,  dA,  dA,) 

^  2  dn,  r  ""-^  ■*"'^"-  dn,  "^    "•  dn,| 

ld5.f       dA,  dA,  dA,) 

^2  dn,r"*dn,  ■^■^"•■d^,'*'-^-'d»,J 

^Id^     ^.1^^     §iii  +  lj_^    ^ 
2  dn,  *  dn,     2    *dn,  '  dn,      2    '  dn,  *  dn. 

Ids,     dS,     l.dS,     dP^.l.^    ^ 
■'"2dn,  •  dn,"''2    'dn,  *  dn,"'"2    'dn,  *  dn, 

_ld^     d8,_ld8,     dS, 
2  dn,  '  dn,     2  dn,  *  dn, 

2      dn,'  dn,     2    *'dn,'  dn,' 
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Hence  (23)  equals 


+  Ia\^ 

+  2  ^'  {an. 


dQ 

dn, 


4     '  ( dw,  '  flfwj      dn,   '   dn,  j 


dn^      dn^ 

d^ 

dn. 


25 


dn. 


dSj 
dn. 


2B 


dB     dS, 
dn^     dn^ 


A  {^_L, 


d'P,.   d"P„   d:'P,, 


1 

2 


+    s 


2 
2 


dn,    '    dn^ 

Ida,   ds,_ 

|dn,  ■  dn, 
(d'5. 

td«. 


n  _  ^[_i_J5 


dn^ 

d"S, 
dn^ 


d:8,   d:'s. 


dn^ 


dn, 


b 


dn^ 

d'P 
dn^ 


i»  — 


d'p^ 

dn^ 


dn^ 

dn^ 

d"S, 
dn^ 


dn, 
d'P. 


We  are  now  going  to  reduce  the  ten  terms  marked  ',  and  the  ten  marked  ";  firstly,  we 
shall  reduce  the  ten  marked  ',  and  then  the  ten  marked  "  can  be  deduced  from  these  by 
chano-ing  dn^  into  dn^,  and  dn,  into  dn,....     To  proceed,  the  ten  terms  marked  '  equal 


Ids, 
"^2dn, 


dn,^  2 
^  2 


dn.      2 


A 


d4, 
dn. 


dP„ 


^2    *  dn. 


Ids; 

4  dn. 


.1    " 


•  dn,  +"^»» 


dA 
dn, 


i-- 


4 


ds,  dP, 

dn«  *    dn. 


+  1^1 
^  2  d»j. 


H 


dS,^, 
dn,"*"  2   • 

^  2 


_  I  ^li 


4  dn^  \    "  *  dn^ 


'   dn,  ^  2 

dn. 

dA      Pg 

d^, 
dn^ 

^^--  dn. 

A^  J8,     dP„ 
4   '  dng  '    dn. 
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.  IdP, 
■^8  rfn,  ■ 


c  J     dS,       .     dP,.     dP, 


+  25.4^  +  ^. 


dA, 


dn. 


IrfP, 
'8  dn. 


fh-^ 


+p« 


»'  dn, 

dA^^dF\ 
dn,      dn, 


r} 


*8  dn. 


4.2^      ^4-/1       <*^>«j.4^ 


<^n. 


rfn.        dn. 


4.98     ^  +  P       ^ 


It   is  easily  seen  therefore  that  if  we  omit  all  tiie  terms  that  are  destroyed  either 
by  equal  terms  in  "  or  else   by  virtue   of  the   ten  equations  given  at   commencement  of 
may  be   written 

dA, 


this  Exercise  that 


_1^  (p 
4  dn,  I  « 

ld8,(p 

~  4  dn,  t   "  ' 

8  dn,  f  ^' 
8  dn,  n»  • 


dn,^^" 
dA'.     „ 


A4, 


y 
a 


4^1 

dn,] 


dA^ 
dn. 


+  P. 


hence  we  easily  see  that  if  in  '  — "  we  neglect  all  the  terms  that  mutually  destroy  that, 
'  — "  equals 


Pj^idS^    dA,_d8, 
4  \dn^  *  dn,      dn^ 

P^(dS^ 
4    [dn. 


dA 
dn. 


^) 


P„{dS,     dA^_d8^ 
dn.      dn. 


^8 
^   8 


dA,     dP„ 
dn.      dn. 


dA,     dP^ 
dn.       dn. 


<dP^ 

\dn, 

■  S,(dPj^     dA^ 
4  \dtt,  '  dn, 

4   (dn,   *  dn^ 


i4i 
dn. 


dA^ 
drL 


1} 


dp^ 

dn, 

dP^ 
dn. 


dA^ 
dn,] 


dA 
dn. 


^} 
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But  this  may  be  writteii 


25 
S.P,,  —  8, 


A*   {ii     dA^_dB     tMJ 

P..P„-PJ>.AdB    rf^_^    dA| 
4J!^  (dw,      rfw,      rfn,      rfn,  j 


+  "T  -^1-^11  +     q"  -^1^12 


idA,     dA^^dA,     dA;\ 
\dn^  '   rfn,      dn,   *  dn,j 


^  8     "^  4 

AA 

+  f  A^« 

+  f^.^» 

+  fP.. 

+  f^.'S'' 

+  1^-8^. 

+  fA«.- 

(dA^    dA^^dA^    d^J 
(dn,   '  dn^      dn^  '  dn,j 


And  thus  we  obtain  for  the  full  developed  form  of  (23)  the  expression 

^   A,    (dS,     dP^^dS^     dP„\ 
2     \dn^  '    dn^      dn^  *   dn,j 

_    4r   \dP^,dP^  +  dP^^dP^\ 
4s    \  dn,       dn,       dn,  '   dn^ ) 

_  JL     ^    dSj 1^     dB^    dS, 

2B  '  dn,  '  dn,     2£  '  dn,  '  dn, 

.  A,B' 


^^"•(S)-^»-©-^.-S)} 


We  now  proceed  to  calculate  (12)  which  is  clearly  symmetrical  with  (13). 
(12)  equals 


(    •      dw,      2  dn^ )  [dn^         ■      dn^         •       dn,  j 


A,    dS,    dP„ 
^  2    •  dn,  •   dn, 
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1 


Which  equals 


^    f         dS  ^,dP^\ 


Which  equals 


-A   .^»     dSj 


+  1^1 
^2  dn,  ^ 


AS,     d5,  ^  dP^  dP^  dP„ 


_2^ 


+  P,. 


d4.      r. 
dn,^^« 


dA, 
"  '  dn. 


-P..  .^^-P„ 


d4, 
d»j 

d4, 
dn. 


-A 
-P- 


-A 


Which  equals 


dS^     dS^ 
•  ■  dn,  '  dn. 


_ldP^{p      dA,  dA^  dA^ 

2  dn,  r»  •  dn,  +-^»  •  dn,  +  ^»»  '  dnj 

_  dP^    (dS     A^    dPJ 
dn,    Vn,      2   *    dnj 

.    .    fdS,     £A     rf^;     dS.) 
'*''^*\dn,''3n,  ^-  dnj 


*  '   djij  '  dn, 

I  H  8 


dP, 
dn, 

dA, 
dn, 

dA^ 
dn. 
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Which  equals 

^  1      dB     dP,, 

dP„<dS     A,     dP^    A,     dPJ 
dn,  [dn,  '   2   •   dn,       2   •  d«J 

<:{^\*^-Z:*i-^} 

-t-'^-t^-.-^-^ 

^   m     dS,      dS,     dS,| 

Which  equals 

1      J5     dP„      1      dB    dP^ 

'^2B-  dn^'   dn,''2B'  dn,'  dn. 

1       dB     dP„ 

"•"aB'rfn,  •  rf». 

2    \dfix      «(n,      dn,       rfn. 

2   •  dih  •  dn,   '^>'  d»,    -(to. 

Which  equals 


^   2    1  dn,  •   dn,  ^  rf«,  •  dnj 

_A,(dP^    dP^    dP^    dPJ 
4    I  drij       on,       d»,       an,  J 

,J_dB     dP^.J^     dB    AP„ 
**■  45  •  in,  •    dn.  ■*"  45  •  dn,  Z   dn, 

-4 


fdP„     dS^_dP^     dS^  ,, 

\dn^  '  dH,~  dn,  '  dnj 

,     .     (dS.     dS,     d8.     dS.)  ,  . 

+  ^*K-si;-d;i'^| ^"^ 

^  P„  fdP„     d^     dP^    OAX    (s^ 
■*■    2    I  dn,   •  dn,  ~  d»,    •  dnj'"^' 

1    (dP^.     d5_dP„     dBl 
+  45  t  dn,  •  dn,       ^  '  dnj-'^^ 

4    jdn,   -^      H^'  dnj"-^^'' 


the  last  five  lines  marked  (a),  (a),  (/9),  (/3),  (7)  I  now  proceed  to  reduce. 
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The  two  lines  marked  (a),  (2)  equal 

which  equals 

1    f^     dP^     dSj     dP^X 
"^  2   jdn,  •   dn,  ~  <£»,  *  rfn, ) 

■•■  ^'  Vn,  •   rf»,     d»,  •  rfnj 

■**  2  \dn^  '  dn,     dn,  '  dnj  ' 
To  the  first  of  these  last  three  lines  add  the  line  (7),  then  (a)  +  (a)  +  (7)  equals 

.IdP^idS^.A,     dPJ 
■^2  dn,\dn,'^  2    '  <foj 

_ldP„(d^^     dPJ 
2  dn,  Vn,       2   *   d»J 

_^  Q   (dS,    dA,    dS,    dAA 
■•■  *'trfn,  •  dn,''dn^  '  dnj 

Pj,(d8,    dA^^dS,    dA^  . 
■*"  2   jdn,  •>,  ,  dn,  *  rf»J  » 

or  slighUy  modifying  first  two  lines  by  aid  of  the  ten  formuto  given  at  commencement  of 
thU  Exercise  and  adding  on  (/S),  03),  we  obtain  that  (a)  +  («)  +  O)  +  O)  +  (7)  equals 

"*"  4  \dn^   ■  dn,~  dn,  *  d»J 

P^rdP..     dA,_dP^    dA^) 
"  4  \dn,    *  dn,      dn,  '  dnj 


■*■  "#  [diil  '  dn,  "  dn,  '  dnj 

a.i   i^     d5_dP„     dm 
■•■  4S\dn,   '  dn,       rf«,  *  dn^ 


(d8,    d4,       ^     dA^ 

p^fds,    44,  _d^    d4,| 
■•"  2  \dn,  '  dn,        dn,  '  dn,) 

But  the  sum  of  these  first  four  Unes  clearly  equals 

^(dP^^.^.^l 
^  4    Idn^      dn,      dn,      dn,) 

remembering  that  -  f  =  P«.d4.  +  P„.d4.+  P«.d4.;  and   by    picking   out  coefficient. 
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it  is  thus  easy  to  see  that'  in  (a)  +  (a)  +  08)  +  (/3)  +  (7)  the  coefficient  of 

equals  +^  Pn-B'A,8,  +  IPJ>J^2P^A> 

which  equals  -  B*  l-^  +  A^\  . 

The  coefficient  of 

(dA,     dA,  _  dA,     dAX 
\dn^  '   dn^      dn^  '   dnj 

equals  +  ^  A^^  +  ^A,P^-  \  P,,P,,P„+PJS, , 

which  equals  +  -t-A^^  . 

The  coefficient  of 

(dA,     dA^^dA^     dAX 
[dn,  '  dn^       dn^  '   dn^) 

equals  -  PJ^^S,  +  iS^S^P^ , 

whicl^  equals  ^B^A^S^. 

Hence  finally  (12)  equals 

2  I  fl&ij    '  dn^        dn^  *  dnj 
_A^(dP^    dP^    dP^    dPJ 

_1_     dB     dP^,l_     dB     dP^ 
"^43  '  dn,  '   dn^  "^  ^  '  dn,  '  dn. 


+?• 


«'|+(p„+44A).©-^A.©+*AS.Q; 

(13)  must  be  symmetrical  with  this,  therefore  it  equals 

^A^(dP^    dS^_^dP^,    dSX 
2   (  dn^   '  dn^        dn^   '  dnj 

_A^(dP^     dP^.dP^    dPJ 
4   ( dnj   *   dn,      dn,  '  dn, ) 

1      dB     dP^      l^     dB     dPJ 
■•"45  ■  dn,  '  dn,  "^ 4iB  '  dn,  '   dn,} 
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Hence  and   by   symmetry  our  second  three  differential  equations  are 

^ 2  I ^     dnjln,  ^  dn*      dnjin,     dnjinj 

^    1    (     ^dS.dB     ^dS,dB     ^dP^dB     dP,,  dB  ^  <iP„   rfg  ,  dP^  dB  ^  dP„  dB) 
4fB  \         dn^'  dn^        dn^' dn^  dn^  ' dn^      dn^  '  dn^      dn^  '  dn^      dn^  '  dn^      dn^  '  dn^) 

-2AA-Q       +AP..  (fs)       +  AP„.(2) 

2  (       dn/in^      dn*      dn^n^     dn^dnj 
4B  (        du,  *  rfn,       dn, '  rf«,  <fn,  '  rfn,      rfn,  *  rfn,      dn,  *  rfn,      rfn^  "  dn,      dn,  *  dnj 

■-..A.©'      .^^..©       *"^A.®1 

l{  +  2-^^  +  ^^-^»--^^l 

+  ^A 

^  1    (     grf5./B_  ^dS,   dB   ^dP„  dB  ^dP„  dB  ^dP„  dB^dP^  dB^dP„  dB) 
4iB  \        dn^  '  dn^        dn^  '  dn^         dn^  '  dn^      dn^  '  dn^      dn^  '  dn^      dn^  *  d»,      dn^  '-</n, 

-2AA-Q         +^^..-S)  +^.^--(12)   " 


i?» 


=  0. 
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For  the  sake  of  convenience  of  reference  I  also  write  down  the  three  remaining 
differential  equations  of  the  second  order;  one  has  abready  been  given, -and  the  other  two 
are  deducible  by  symmetry. 

dn*     dn^dn,  ~  dm* 
+  A 

"^BYdn^  '  dn,     dn^  '  dn^     2  dn,   '  dn,     2  dn^  '  dn,) 
■  -  (2  -  10-SJ  .  Q  -  (2^.P„  +  3PJ .  @  -  (2^^„+  3PJ .  Q 

-^^-•(S        -^^.-Q        -^-(23) 

-P     P^ 


-f 


+  3P. 


(S 


-»«■•©  J 


.0. 


d'/S,     d'P,     <rg, 
dn,"     dn,dn^~  dnj^ 


+  A 


^f^ 


£|''"dn,  *  dn,     dn^  '  dn,     2  dn,  '  dn,     2  dn,  ;  dn^ 
-(2-10SJ.(2)     -(22l.P„  +  3PJ.Q   -(24A  +  3PJ.Q 

.3P„.Q  -2...©  -P..Q 


-«^«-© 


--Q 


=  0. 


d^^.d»P^ 
dw'"^ 


d*8^ 

duidn,     dn^ 


-? 


+  A 

B\     dn,'  drif     dn,  *  dwi     2  dn,   *  d»,''2  drit  '  dn^) 
(2  -  108;) .  (^ J)  -  (2^ A  +  3P») .  (JJ)  -  (2^.P„  +  3P^ .  Q 

-'^.■©      -^.•©      -^'^•(g)j 


Digitized  by 


Google 


CURVILINEAR  AND  NORMAL.  CO-ORDINATES.  499 

These  six  Equations  for  NcTmoi  Co-ordxTiates  as  i¥ell  as  the  Determinant  Equations 
for  OurviUnear  Co-ordinates  on  pages  467  and  486  are  now  given  for  (I  believe)  the  first 
time.  A  slight  examination  of  the.  Equations  on  pages  467  and  486  as  well  as  of  the 
calculations  on  immediately  following  pages  proves  that  the  six  equations  of  Curmlinear 
Co-ordinates  contain  Second  differential  coefficients  and  A  in  the  same  manner  as  the 
six  Equations  of  NormcU  Co-ordinates,  but  that  the  "determinant  portion"  (see  page  482) 
consists  of  forty-five  determinants  in  place  of  nine,  inasmuch  as  the  arrangements  of  three 
letters  in  pairs  is  three,  but  that  of  six  letters  is  fifteen. 

Writing  in  the  Equations  on  pages  467  and  486,  F,  H,  J,  -4^,,  A^  and  A„  all  equal 
zero,  and  A^^E  =^  AJSt  ^  AJ[  ^  unity,  we  obtain 


and 


•  d<  ■*"  du^*  ^  2E  [duj      20  [duj 

T^dEdG     JidEd^      IdE^dG^ 
'20du^ du, "" 2Edu^ du^  ^  21  du^  du^       ' 


d}E        1  dEdE     1  dIdE      1   dOdE 


du^du^     2Edu^du^     21  du^du^     20du^dv/ 

four  more  equations  result  from  symmetry.     These  six   equations  are   M.  Lam^s   Equations 
for  Orthogonal  CurvUinear  Co-ordinates.  ' 

I  now  conclude  this  Chapter  by  deducing  one  symmetrical  equation  in  A^A^^,  ^^s^s 
by  means  of  these  six  now  given. 

In  order  to  do  this  multiply  the  first  equation  given  on  page  497  by  P„, 

second    , by  Pi„ 

third       by  P„, 

first        498  by  8^, 

second    by  B^, 

third      by  /S„ 

and  add  these  six  results  together;  the  result  of  course  must  be  symmetrical  in  A^,  A^,  A^, 

and  must  of  course  equal  zero.    We  shall  first  seek  the  coefficients  of  ( oo ) » f  oi )  i  f  i « ) ; 

(23) '(31) '(12)'  (23) '(31) '(12)  ^  ^^^  equation,  and  then  remaining  portion 

ggj  equals 


-f 


>i 


whidi  equals 


+  ^ 


4  1  -5^„+4A^.^«  J' 
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Now  from  the  ten  Equations  given  at  commencement  of  this  Exercise,  we  get 


4" 


S,+  8,-3,  +  A,P„=^ 

Hence  above  equals 

but  (APS  +  Pt^t-  A^^P„  —  SJP„)  is  easily  seen  to  equal  zero,   and  hence  the  coefficient 
of  Qg)  equals 


P* 

■  8 


P^s. 


(Sl\ 
23  j  eq^ls 


-^*  p 

8         »« 


The  coefficient  of  Lgj  equals 


4 


which  equals 
which  equals 


^^(^4-,.a).  +  l^.. 


»ynime^ncaZ  equation  equals 


our 
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Whilst. other  portion  equals 


4 


*  (  dn^dn^  dn*  dn^} 
^  "*ydn^dn,  dn*  dn*] 
^'^^ydn^dn^     dn;      dn^\ 


^  2    (     dn,dn. 


dn^         dn,i 


dn^dn^ 


P„  f      d*P„      d*P„     rf'P.,     „   c^'£f,  1 


dP.,     dP„     dF„ 
d»,    '  rfn,       dn^ 


dn^         dn^ 


dn^         dn^  '   dn^ 


dP,,  dP„_dP^  dP^+z^A  4?«+2^   '^^H 

an,      dn^      dn^         "  -         -. 


dn, 


dn,  '   dn^ 


dn. 


dn,   *  dWj       dn^ 


dn^        dn^ 


dn^        dw,  '   dn, 


4 


dB 
d\ 


dP,    P„     dP„    P, 


dn. 


n       

*    *  dn. 


■•"4*  •  dn" 
P.. 


dP^^P^ 


dP^ 

2    •  dn, 

dS^^P^    dP^ 
2    '  dn,       4    '   dn, 

t^'S'.  .  o    dS.     8,     dP,. 
2    •  d«,     '^•dn,      2   •   d/i, 

^^•dn,     "2   •   dn, 

+  -o  .  ^  into  a  similar  quantity ; 

1       /77? 
+  -^  .  -1—  into  a  similar  quantity. 


But  now  obviously  this  may  be  written  in  the  form 


64—2 
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+^-(¥-«A)+^(s,P.-ii>A) 


A 

2' 


+  td  J-  i^^to  *  similar  quantity  +  tb  j-  iiito  a  similar  qnantily ; 
but  it  is  dear  this  may  be  written 

[dny  dny  dn,V  4 
~dn,dn,\    2    /     dw,dn,^    2    /     dn,c?n,  \    2    / 


A 

2' 


l^(dB     _d_  (B\     dB     Ji  fB^\.dB    J_  fB^} 
£\dn^  '  dn^  Uy      dn,  '  rf«.  U/     dn,  '  d".  U /J 

d»,  '  d»,  \    4    /       rfn,  *  d»,  \    4   / 

d5      rf    /^.g«\       dB      d_  /^4^ 
d»,  '  dn^  V    4    /       drt,  '  dn,  \    4    / 

?       d^  (AJ^  +  ^     A.    Mi^ 
,  '  dn,  \    4   y     dn,  '  dn,   \    4    /     . 


-i 


d5 


j—j  ;    A^-j-  .  -T—  mutually  destroy,  and 
thus  we  see  our  symmetrical  differential  equation  of  second  order  equals 

rfVB     d^     rf]5        .    d^B         J    d^B      ^  .     d^B 

dn*     dn^     dn*  ^dn^dn^  *dnjin^  ^dnjdn^ 

[dn^dn^     dn^dn^     dn^dnj^ 

3  (d5  (dA,    dA,\  .dBfdJ^     dA\  _^dB  (dA^     dA,S\ 
"^  2  \dn^  \dn,  "^  dnj  "^  dn,  \dn^     dnj^  tf«,  \'dn^  "^  d«,  J) 

+  A  +  B 
■-2«..©+P„.Q+i>..Q' 


-I 


=  0. 
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EXERCISE  THE  THIRD. 


Normal  Co-obdinates. 


If  we  refer  back  to  "  Exercise  the  first,"  we  find  that 


dx  ^         dx  ^y       dx  ^ 
d^,'^''   'du,'^''   rftT,""^^' 


dy  dy      ,       dy 

t^r"*'  du\^  *'  sir.""" 

dz  ^^     %      dz  ^ 


Hence  it  is  easy  to  see 


d  d  d 

^^  (i,c.  -  VJ  +  ^  ("A  -  c,a,)  +  ^  («A  -  o,i,)  =  0, 

d  /7  d. 

^^  ( Vi  -  V.)  +  ^  (c,o,  -  c,a,)  +  ^^  (a,6,  -  a,6J  =  0, 

fj  ^  fj 

d^  (V.  -  Ko^)  +  ^^  (c.a,  -  c,aO  +  ^^  (aA  -  a^)  =  <>. 

These  equations  are  true  both  in  Normal   and  Curvilinear   Co-ordinates,   and   may   he 
written  as  follows: 

d^B    ^    d'B         d^B   ^^ 

d^B         d*B         d'B   ^^ 
du^da^     du^d\     du^dc^       ' 

d!B         d^B         d'B 

_  ^  J-  -s  o» 

du  da^     du^db^     du^dc^ 
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1      J-n  1      Jjy 

Now   multiply  the  first  of  these  equations  ^7  "5  j~  »  ^^  second  by  -5  -^ ,  and   the 
third    by  -g  ^ ;  then  add  together,  and  using  Normal  Co-ordinates  we  obtain 


dB 

dn, 


equal  to 


\dB    d^/1  dB\     dB    d^  n  dB\     dB    d_  (1  dB\\ 

\db,  dn,  \B  daj  *  db,  dn,  [b  daj  ■*"  db,  dn,  \B  da,)\ ' 

{dB  J_/l^  dB\     dB    d_n  dB\     dB    d_n   dB\\ 

jdc,  dn,  \B  daj  "^  dc^  dn,  \B  daj  "*"  do,  rfn,  \B  daj) ' 


This  equation  takes  the  simple  form 


i^^-.s^AS,^H^y^}- 


dn 


B.  I 


*dn, 


'8 

d  cos  a. 


"'--"'-1  .        o  rfcos/Sj  ,  dco87, 

d  cos  a,  ^  d  cos  A  .  d  cos  7. 


where  a^  15^  %,  a^  /3^  7,,  a^  )9,  7,,  have  the  same  significance  as  in  Second  Exercise. 
Hence,  remembering  that 


cos  a. 


rfcosa-  ^rfcosA  .  c?cos7-     .. 


dn^ 


dn, 


dn^ 


dn.  Q      dn.  dn. 

«>8«i=wi>  "^^^^-d^^  ^"'yi^'s^ 


dx 

dn.  ^ 


dx' 


we  easily  see  that  the  above  equation  may  be  written 

11^  +  ^  ^l^A  ^l  +  ^«  +  ^' 
B  \dn^        •  dn,        •  dn,J       dn,      dn, 

_  dcosoj     d  cos  ff^     dco3  7^ 
^     dx  dy  dz      * 

But  it  is  a  well-known  proposition  in  Solid  Geometry  that 

d  cos  g^     d  cos  ff^     d  cos  7^     _L  ,  JL 
dai^    Z.     dy     ^     dz     " Jt,     B,' 
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where  R^  and  B^  have  their  usual  geometric  significance ;  and  hence  we  obtain  the  value  of 


-^  +  -TT  in  Normal  Co-ordinates, 


We  may  obtain  this  same  result  by  a  good  many  other  methods. 

I  shall  give  a  few  for  exercise. 

If  we  pass  from  a  point  on  the  normal  n^  to  a  very  near  point  on  the  same  normal,  it 
comes  to  the  same  in  the  end  whether  we  do  this  directly  by  travelling  a  distance 
FQ  along  the  normal  n^  to  the  surface  u^  or  else  first  go  a  distance  Pe  along  the 
intersection  of  the  surfaces  i^^  and  u,,  next  a  distance  ef  along  the  intersection  of  the  surfaces 


u,  and  M,,  and  then  a  distance  /Q  along  the  intersection  of  the  surfaces  u^  and  u^.  Hence 
clearly  we  have 

where  (e/)^,  (JQ\,  (cP),  denote  the  perpendiculars  let  fall  from  Q  on  the  faces  ePgh] 
€fm;  PUgk;  {(e/J^PQ;  {/Q^-^A^xPQ;  (eP),  =  -4,  x  PQ}.  And  A,  denotes  the 
operation  of  taking  the  difference  of  the  values  of  a  quantity  at  two  very  near  positions 
P  and  Q  on  the  normal  n^  to  the  surface  Up  and  dividing  this  difference  by  the  distance 
PQ;  henoe 

A  ^     I    A      ^  A       ^ 

A  ^     .     A       ^     ,     A       '^ 


d 


'dn. 


*dn^' 


dii,'^'^*dii,'^'^'dn,' 
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Whence  we  obtain 


A. 


>28,.\  +  P„.A,  +  P„.A. 


«» 


^  =  25,.  A,  +  P,.A,  +  P„.  A.. 

^  =  25.  .A,  +  P..A.  +  P„.A, 

Now  let  d8^  be  an  element  of  the  surface  u^^  B^  and  JB,  the  chief  radii  of  curvature 
of  u^  at  the  point  where  d8^  is  taken ;   also   let  \    and    ft   equal   the   elementary  angles 
that  R^  and  12,  make  with  the  consecutive  normals  along  the  lines  of  curvature ;  hence  ' 
clearly 

Now  for  the  parallel  surface  neither  X  nor  /l^  receives  any  change ;  and  hence  we  clearly 

see  that 

dS^  —  value  of  d8^  for  parallel  surface 

equals    X  .  /*  .  -B,  .  -B J -g-  +  ^[  x  PQ, 

which  equals  d5,  x  PQ  x  {-^  +  ---1. 

But  we  know  that  dS^  ^ds^  .  eZ^,  x  sin  6 ;  therefore  we  have 

d8^  =  £■  .  sin  ©  .  sin  ^  .  sin  -^  .  dw,  dn^  \ 
and  hence 

We  clearly  therefore  have 

,  d8^  —  value  of  d8^  for  parallel  surface 
^{B^  value  of  B  for  parallel  surface)  .  dn,  dn^ 
+  {dn^  .  dn^  —  value  of  dn,  .  dn^  for  parallel  surface)  .  B, 

and   by  above  also  equal  to  B  .  dn^dn^  .  PQ  .  ];g +;g^[ • 

Now  dn^  dn^  —  value  of  dn^  c2n,  for  parallel  surface  is  what  we  call  in  the  calculus  of 
variations  S  .  (dn,efn,),  which  it  is  well  known  equals 

but  Sn,  8=  PQ  X  -4,  and  8»,  =  PQ  x  4^  whence  since  PQ  is  of  course  supposed  not  to  vary 
with  n,  or  n,  we  have 

hence  we  obtain  as  before 
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I  shall  yet  mention  a  third  way  to  obtcdn  above  fonuula.    Suppose  that,  we  write 

It  is  a  known  result  that    p-  +  -p-  is  proportional  to 

(See  Traits  du  Calcul  DifiS^rentiel  et  du  Calcul  Int^$d,  Par  S.  F.  Lacroix.     Tome  second, 
Seconde  Edition,  Paris,  1814,  629,  §  774)....,. But  by  previous  Exercises  we  see  that 


A      — «  +  ^   dig,      1/dP^a      dP^^     dP^^^ 
•  '  d%        *  d»a     2  \  dn^       dn^       dn^  J 


Multiply  first  line  by  2i93,  and  add  it  to  second  line  multiplied  by  28^  and  subtract 
from  this  third  line  multiplied  by  2P„,  result  clearly  is 

p    ^^-2^3^-2^.^ 
"     dn,  ■  dn^         ■  dn^ 


*2«.(^.^^^.^^^)-»«-^.^ 


+  symmetrical  terms  differentiated  with  regard  to  n,. 
But  this  clearly  equals 


....(^.g.^.^-.^) 


+  terms  differentiated  with  regard  to  n,. 
Vol.  XXL  Past  IL  65 
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But  ihe  above  equals 


+  a  similar  term  differentiated  with  regard  to  ti,. 


But  this  equals 


+  a  similar  term  differentiated  with  regard*  to  n,. 
Hence  once  more^  we  find  that 


Having  determined  the  value  of  -^  +  -^  ^  normal  coordinates,  I  now  proceed  to  find 
the  value  of  ^-g  in  terms  of  the  same  system. 

By  page  505  we  have  ^^ifjj  +5-)  ^q^^  ^  B^'^B'*' 
hence  clearly  we  have 

which  equals 

-which  equals 

*dn^dnt         *dn^dn^         *   *dn,dn,. 


1 
B 
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I 


^  dn,dn,  ^  ^*  dn^,  ^  ^*  dn^ 
dA,     dA^^ 


.IfdA,    dA,\fdB        dB      .  dB\ 

^B  rfn,lrf». +"*«<?«. +^«dn. J 
1  dB  (dA,,    .  dA,,   .  dA^ 
■^  5  ST.  td».  ■*■    •  dn,        •■^r 


2 

Such  is  a  formula  for  ^-d   ^  normal  oo-ordinates.       I  shall  for  conciseness  refer  to  it 

2  111 

thus,  ^-«-  =  iM.    The  following  formulae  for  ;»•  +  ^ ;  ^-g  &c.  are  interesting. 

Write  2r=/;+/,"+/,"  +  a4,/,/,  +  2il,/y,  +  2.43/,/„  then  clearly,  if  after  diflferentia- 
tion  with  regard  to/,  /,, /,  we  write  /i=»l,  /t  =  0,  /,  =  0,  we  shall  have 

^*"-rf/,  dn^+a^,  dn."*"4/;  Ai;* 


/I       1\      d    rfF         ci    d7„.(2    dr„ 


Let  now  r,  «,  ^;  a,  ft,  c,  be  six  such  symbol^  so  that  a  is  always  the  companion 
of  r,  h  of  «,  and  c  of  <•  Moreover,  let  it  be  imderstood  that  each  of  r,  8^  and  ^  are  in- 
dependent  of  one  another,  as  well  as  a,  6,  and  c.  Finally,  let  it  be  understood  that  wherever 
we  see  an  r,  this  r  is  in  succession  to  be  changed,  first  into  /^,  next  into  /,,  thirdly  into  /,. 
And  wherever  we  see  an  a,  let  it  be  understood  that  first  this  a  is  to  be  changed  into  n^, 
next  into  n,,  and  lastly  into  n,.  Let  the  same  hold  for  a^  t,  and  for  b  and  c.  This  being 
understood  clearly,  we  may  write 

A,  =  2  -T-   -jT  (consisting  of  three  terms), (a) 


but 


-dV  d    1    d  (dV  \ 
■*"*'A   db  B  da\dr^}' 


65—2 
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Hence  we  see  that  we  may  write 

2 


1  -  rf   dV  d^  dV„ 

EJt,~B-db   da  da.  dr 


(7), 


because  the  right-hand  side  of  this  equation  equals 
which  equals 


B^dbds-^Bdadf^' 


.^dV_d    1    d^  dV„ 
'*'^  ds  db  B  da  dr    ' 

which  agrees  with  previous  page. 

In  the  same,  way  as  we  obtained  the  equation 

it  is  easy  to  obtain  the  equation 

Hence  by  formuUe  (a),  (jS)  and  (y), 

\B  ^dc  dt  ^)  "^  U  *56  &  5S  *^  ^) 

+-s.iZ  A  I,  ±dV  d  dV„_. 
dt  do  B  db  da  da  di^^'^' 


de  dt  a>   da  da  dr  

Equation  (^  clearly  consists  of  twentynseven  terms. 
Another  formula  for  ^-g-  maybe  obtained  thui: 

Write 

^^  d*P-      <?5,     rfP„     dS,    d8. 
dn^     dnjin^     dn^ '    dn^     rfn,'  dn^ 


.(«). 


m  =  -_g,. 


d^ 
dn. 


i  25. 


4^_^  .  p 


•   P 

;25, 
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^W 


0 
dn. 


;  asf. 


2^. 


This  clearly  may  be  written  £*  x  m  = 

,  ^  ld^8,     d^P^      d'S,) 
\dn*     dn^<h.^     dn*) 

*  \dn^  dn^      dw,   dn^      \dnj  J 

•  (€foij  dn^      dn^    dn^     \dnj  J 

p    (dS,  d8^_d8^  dS^^dS^  dP^     d8, 
"(c&ig  dn^     dn^  dn^     dn^    dn^      dn^ 

Hence  B^m  equals 

^        \dn*     dn^dn,dn,'i 


d8.  dP^    dP^  dP. 


dtif^ .      dn,    dn, 


J}- 


dS,- 


-gh^+^«.^-^. 


d8,    (»„  dS,      aa^A       -D    <^«1 


^2  d», 


/SL 


5. 


rf&      d5,      rfP„ 


dS,      d8, 
dn.    '  dn. 


dn 
dP.. 


Hence  ffm  equals 


«  (cPS,      cPP^     d^8.) 
^       [dn*     dn,dn,dn*) 

„  (d8,  dB  ,  dS  dB     IdP^dB     IdP^dB 
((Jn,  dn^     dn^  dn^     2  (i&i,   dn^     2  dn^    dn^ 
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-J5« 


<2», 
Now  first  two  lines  equal 

But 
1  /dS,    1  d:P„\      „      .  ^  d5  .  ,  ,      ,   ,,dB  .BfdA,      ,  dA,      .  dA 


and  therefore     -^-j^f^-s  "^-®)f    equals 


.  \b    i^^-A  ^^-A  ^'  -2A  ^'l 

.     dB(dA  dA^_.dA,X 

ldB(dA^     jdA^      .  dA,    ^^  dA,\ 
"^  2  ^,  tdS.  ~  "*•  dn,  ■""*•  d«.  "  ''■^»  dnj  • 

Hence  by  symmetiy  we  see  that 

,{  d   \\  fda,     1  dP„\\  .    d  (1  /dS,     I^PbM] 
■^  Ldn.  l-B  U»,     i  dn^jy  dn,  \B  W,  "*  2   (to,  /  j  J 


equals 


|~  dn,  dn,      dn,  dn,  "  \dnj      \dnj) 
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.^dB(dA^_.dA^      .dA,l 
"^  2  dn,\^    '^*  dn,  "^»  dn,\ 

,SdB{dA,     ^  dA,      .  dA\ 

*  dn,  dn,  *  dn,  dn, ' 

We  redaoe  the  determinant  on  page  512  thus;    multiply  third  column  by  A,,  and 
add  to  it  first  column  multiplied  by  A^  result  is 

lil-A,*);    1(1- A,');    i^%-.^.^  +  |^. 


-5* 


-A  ^^*-    -A    ^'   A'i^-A—* 


dn. 


dn. 


*dn. 


^A    4^.    -A    ^-  A*  ^-A     ^» 
^*'dn,  '        -*••  dn,  '  ^»  •  dn,      ^*'  dn, 

(this  is  finally  to  be  divided  by  A^. 

Multiply  in  this  determinant  third  column  by  A^  and  add  to  it  second  multiplied 
by  A*,  result  is 

S,       i       B,         i  A^J>„+A,*a,+A,% 

dA,        ,    dAj        .    .  dA^ 
dn,''     "*«^»d». 


-5* 


~-^»;f^'  ~'^»*s^5  ~-^t^*\ 


-A^'  -A     ^'  -AA^' 


dn. 


>dn. 


but  this  determinant  is  to  be  divided  by  A,A,,  therefore  determinant  on  top  of  page  512 
equals 

+  A,8,',  +A^,',  \{28,-l) 


dn,  ' 

'^■ 

dA,, 
dn,' 

^■■ 

-5* 


which,  by  page  482,  equals 

-  ^  {+  (23)  ^A  +  Q  AA  +  Q  \  (2^.  - 1)} . 

We  thus  dividing  all  this  by  -B*  find  B.m  equal  to 
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^^\dn,dn,     ^*dn^dm,     ^*dn,dn,     ^*  dn*     ^»  SJ/J 

'^2d%\dn^        *dn,        *  dnj 

.ldB(dA^_.   dA,      .  dA^ 
^2dn,\dn,        '  dn,  '    »  dnj 

*dng  *  dn^  'c&i,  *  d«i 

Referring    back   to    page    508  and   adding  above  to  B   multiplied    by  expression   at 
foot  of  that  page,  we  find  that  J3..(2if+m)  equals 

d^B    cPB    cPB     ^  -     ePB       « ^     cPB       ^  -     cPB , 

dn^     dn*     dn^  ^  dn^dn^  *dn^dn^  *dn^dn^ 

[dn^dn^     dn^dn^     dn^dnj 

3  \dB  (dA,     dAy     dB  fdA,    dA\     dB  (dA^     dA\\ 
'^2\dn,\lii^'^dnJ^(ki,\dn^'^  dnj'^dn,\dn,^dnji' 

„  f ^     dAj_dA,    dAJ  ,. 

[dtig  '  dn,  "3^  '  dn,| ^  ' 

'AJdB     dA,    dB     dA,\  ,„ 

■*"t1^,  •  dn,"^  '  liTj '-^' 

AAdB     dA,    dB     dAX  .  . 

"*"T|^  •  3ir,~dn,  •  dnj • ^"^^ 

1   f^     dA,     dB     dA^  ... 

■*■  2  \dn^'  dn,  ~dn,'  dn,] ^*^ 

,\{dBdA^     dB     dAX  . . 

■^  2  \dn^  :  dn,.     dn,'  dnJ ^*^ 

-  ^  {+(23)  ^.^. + (S  ^^«  ■»■  ©  i(^^'-^)} ••••<»• 
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Now  let  us  consider  for  a  moment  the  fire  lines  marked  er,  /S,  7,  8  and  e,  we  clearly  have 

'^     ^      2      V23/  2      \23) 

^"^      2"    W  2       1,23/ 


€  =  +- 


2 


2 


©--" 


(S 


n\^ 


Hpnce  clearly  we  have  a  +  fi  +  y  +  8  +  €  equal  to 

Hence  adding  the  last  line  ^  we  find  that  B,  (2M+m)  is  equal  to 


d^B  .tPB  .  d*B 


d^B 


dn*  ■•■  dn* ■*■  dm* '^ ^' dn^dm. 


+  24, 


(2*5 


«f5 


<2nj<2n,  *dn^dn^ 


(an^cfng     dA^cfri,     dnjC^n^) 

^^{dBfdA^    dA\     dB  fdA^     dA\     dB /dA^     dA^ 
2|dnj\dn,      dn^J     dn^\dn^      dn^J     dn^dn^      dn^)) 

-8«.  ©  +  2P„©+2P„©' 

Now  from  above  subtract  the  Bymmetrical  itero  equation  given  at  foot  of  page  502,  we 

clearly  obtain  jB(23f+m)  is  equal  to 

A 


B 


^1 


Vol.  XII.  Part  H. 


-,p„©..«.©.p.© 


60 
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But  it  was  proved  at  foot  of  page  511  (see  value  of  detenuinant  given  at  foot  of 
page  513)  that  ffm  is  equal  to 

^  rf'^,      <PP„      tP8, 

dn',  dn,dn,     dn* 


n 


_1(    dS,  dB     dS,  dBl  dP^  ^_1  dP^  dR^ 
B\     dn^  d»,     dn,  dn,     2   dn^   da,     2   dn^   dn^ 

Add  to  this  the  second  zero  equation  on  page  498,  and  then  divide  the  result  by  B^ 
we  clearly  obtain  Bw  is  equal  to 


+  ^1.^1 


-'^.©-^.  ©-««.© 

Now  comparing  this  Equation  with  the  immediately  previous  found  value  of  £(2if +  iii) 
we  clearly  obtain  ma^-if,  whence  we  have  a  second  formula  for  *^-^>  and  then  by  the 

second  equation  on  page  498  we  obtain  a  third  formula  for  .5^-.    The  formula  in  =  — jj-^- 

is  due  to  Gauss,  who  obtained  it  by  a  different  process  (see  Diaquisitifmes  generalea  circa 
superficies  curvaSy  Getting^,  1827). 

I  conclude  this  Exercise  with  a  remarkable  formula^  the  proof  of  which  I  leave  to  the 
reader  as  an  Exercise  in  the  preceding  methods.  I  call  the  formula  remarkable  on  account 
of  the  curious  destruction  of  terms^  the  coefficients,  for  instance,  of  the  nine  determinants 

(12]'  ^^'   completely  vanishing.     The  reader  should  compare  this  following  formula  with 
pages  467  and  487. 

f.    dG^.    dl^.    /dJdF    dH\l  f.    dG  ^    .    f^dH    dO\^    .    /^dF     dG\i 

{.    l^dH     dl\^.    dl^.    f^dJ     dl\\      (.    dG^j    ^I ^A   (^ jL^    ^1 
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+  A\ 


1)} 


(.    fdF    dH    dJ\,.    dl,.  dE\  \.  ^^  ,  j    ^^  j.  a   /^F.^    dE 


IE) 


is  equal  to 


«   A*    ^^11    _ « 9  A      A      "'^11    :^^9A     A     "'^n    '^^ 


dA^  dG 
du^    du^ 


"  du^    du^        "    *•  ( du^    du^      du^    rfwj 
^^"rf«,    duj'^»^'*\du^    du,      du,   duj 


dA^  dAj^ 
du^    (2u, 


rfu,  V    "  w,        *'<?u,  "   ^  dvj 


Febrtiari/,  1875. 
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NOTE  TO  EXERCISE  THE  FIRST.     (Page  460.) 


I  give  here  the  values  expressed  in  terms  of  general  Curvilinear  Co-ordinates  of  the  radius 
of  noinaoal  Curvature  and  the  radius  of  geodesic  Curvature  of  a  Curve  traced  on  a  surface. 

I  represent  by  the  notation  r^  the  radius  of  normal  Curvature  with  regard  to  the  surface 
a;=0  of  the  Curve  formed  by  the  intersection  of  the  surfaces  aj  =  0,  y=0,  whilst  y^  denotes 
the  radius  of  geodesic  Curvature  with  regard  to  the  surface  «  =  0  of  the  same  Curve;  {(ti,  a),  (m,  y)} 
represents  the  value  of  the  angle  between  two  curves  ta*aced  on  the  surface  u  =  0,  these  curves 
being  formed  one  by  the  intersection  of  the  surfaces  u  =  0,  x  =  0,  and  the  other  by  the  inter- 
section of  the  surfaces  u  =  0,  ^  =  0.  All  the  formulae  that  follow  are  derived  by  simple  transformation 
of  co-ordinates  from  the  corresponding  Homogeneous  formuke  expressed  by  means  of  Cartesian 
co-ordinates. 

I  also  assume  the  known  or  else  easily  demonstrated  formulse 

1        1    ./!-. 


-COS 


(=«,y)^}. 


r,      Bin(a!,y)\r^ 

where  (a;,  y)  represents  the  angle  between  the  surfaces  a;  =  0,  y  =  0 ;  finally  r  and  y  will  represent 
the  radius  of  normal  and  geodesic  curvatures  of  some  curve  traced  on  the  surface  U{^^^  u^  uj  =  0, 
a  direction  of  an  element  of  this  curve  being  defined  by  the  difierentials  'du^  :  du^  :  du^.  These 
preliminaries  being  thus  explarned  my  formulae  are: 

.  {(7„  .  dt*,«  +  0„du;  +  O^du;  4-  2C^^u^du^  +  2C„du/iu^  +  2C,^du^du^} 

equals 

l-T-i du^  +  -^—5 du} 4. -j~idu*  +  2,     ,     du^du^  +  2  ,     ,     rfw.<fu--». 2-5—1— ^M^»r 

du^'  +  K„ .  (fw/  -h  KJ[u^'  +  2K^^du^du^  +  2K^du/iu^  +  2K^^du^du^}, 


+  {^M 


where 


-K., 


r" \2  du, )     '^"\ dw,      2  duj* '^•* V d«.      2  du, ))  '  du^ 

r»Uw.        2   duj  -VrfM,        2  duj  »\2   du,  Jj  '   dU, 

I-Wm,      2  duJ  *    "\»  dw,  /  *    »Um.      2  duJ)  '  rfw. 
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and 


-2jr„=J 


•» 


^«»»  ^ti>  ^a  ^'^'^  ^a  ^"»g  obtained  by  a  <^clic  change  of  sufSxes  from  above.      Theie  are  eighttm 
coeffidenta  of  -r— ,  &a  in  all,  <x>mpare  tbeae  -with  the  eighteen  functions  of  first  Exercise. 


CoB(J7tt,)  = 


.    dlT.         dU      .    dU 


Ai^A    f^^\*     A    f^^\^     A    M^\'    i>!  dUdu'.   dUdU    „.    dUdUU' 


Cob  {Vu^  and  cob  (Uu^)  are  derived  by  a  cyolic  change  of  suffixes,  by  the  aid  of  these  cosines  we 
can  obviously  eliminate  ^—  ,   -j— ,  -j— ;  -^— g ,  &c.  from  the  above  value  of  - . 


equals 

/  r  ^^    r  /I  dO,,    dC,x\  dm 

\  ^"2du,        "\2  du,      dujjdu^j 

(  „    dCj^_f,    dO„)     dU' 

\  ^"  du^   ^"  dM.  /  •  s;^ 

I  "\du,     2  dnj     '""2dujdu, 

t  ''"2(iM,     ^"V2d«,      dujydu,_ 


-du} 


—  du^du^ . 


-du; 


from  this  we  can  eliminate  du^  and  d«,,  for  since  d«,=  0,   and  rfZ7=0,  therefore 

dU  ,        dU ,       „  ,        >  '^^       J  J  \dU 

■r-du,  +-j-du,-0,   or  d»,  =  X;,— -  and  du^=-\-r-  , 

and  if  then  we  write  — ^  equal  to  a  constant  or  zero,  we  get  a  differential  equation  to  deter- 
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mine  the  integral  {7=  0  of  IKdonian  or  Geodesic  curres  traced  on   the  surface  u,=  0.    Write  for 
shortness 

{{Uu^)  (v^wjl  =  0,    and  {(PwJ  (w,w,)}  =  «^ ; 
C   ^^0    — 

„  dU    „  dV_ 

(g,.g.-c,.-)tg 
(c.,g.-0'g 

and  hence  obviously 


so  that  if  ^  denote  a  di£Ebrentiation  due  to  a  passage  along  the  junction  line  of  the  surOaces 
CT  =  0,  «3  =  0,  we  obviously  hftvc 

r, .  sin*  ft),  +  r, ,  BJn^  <o  .  gin  »i^  4-  r, ,  sin  <o^ .  sin*  oi^  +  F^ .  sin*  (», 
"*"  sin'O  ' 

where  0  =  Wj  +  ci),  and  whore  r„  T,,  T,,  and  P^  are  functions  merely  of  C„,  C„,  and  C,,  and 
their  differential  coefficiei^tB  with  regard  to  t^,  and  u^^  and  by  supposing  U  alternately  to  coincide 
with  u,  and  u,,  we  clear^  have 

These  formulse  for  -   and  are   the   analytical    foundatiou  for    most   of   the    known  Geome- 

trieal  theorems  regarding  the  Curvatures  of  Curves  drawn  ou  surfaces ;  it  should  also  be  observed 
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how   is   a   function   merely  of  0^^y  (7„,  (7^,,   «j    and  «,,  and  their  differe^itial  coefficients 

with  regard  to  u^  and  u^  as  it  should  be. 

If  we  eliminate  sin*(i>,  and  sin^co,  fi:om  the  last  written  formula  for  by  aid  of  the  equation 

sin'Q  s  sin^cDj  +  sin'o,  —  2  cos  O  sin  co^  sin  oi, 
we  arrive  after  a  few  reductions    at    the    following    Geometrical    interpretation    of   our   formula. 
Gonoeive  three  curves  8^^  8^,  «,  drawn  on  the  surface  u  =  0  all  to  pass  through  the  same  point 
P  on  this  mirface.      Let  cr^  &^,  &^  equal  the  angles  at  P  between  the  elements   df^   and  d8^j 
&c.,   &c.  so  that  <rj  +  o',+ cr^  =  0,  then  we  have 

sin  (T,     sin  o*.     sin  <r. 
1+ »  + a, 

%!       7*«       y»B 

equal  to 

At,      .        da-.       .        rf<r.      .        (Zcr,      .        cUr.       •        cir. 


sin  o*. 


The  reciprocals  of  the  six  radii   of  normal  Chttrature,    the    tJvree  sums  (of  the   ireciprocals  of 
chief  radii)  of  Curvature,  and  the  niiM  first  difTeiential  coefficients  of  the  three  angles  at  which 

the  three  surfaces    cut,    give   us    eighteen   equations   tvnecMr  in   the    eighteen    qtiantities    -j^j   &c., 

hence  we  can  determine  the  (Geometric  meaning  of   these   eighteen   quantities  and  substitute  these 
(}eometric  values  if  we  wish. 


NOTE  TO    EXERCISE   THE  THIRD.    (Paqb  506). 

I  wish  here  to  point  out  that  the  method  of  normal  co-ordinates  eDJojs  two  advantages,  so 
to  speak,  one  of  notation,  the  other  as  a  deductive  method;  the  advantages  of  notation  are  sim- 
plicity (with  small  Geometric  sacrifice)  caused  by  A^^,  A^  A^  each  being  equal  unity;  but  its 
advantage  as  a  deductive  method  consists  in  the  &ct  that  there  are  certain  quantities  which 
experience  either  a  known  change  or  else  no  change,  when  we  pass  from  a  surfiice  to  a  con- 
secutive parallel  surface;  and  if  we  express  this  fact  analytically  we    arrive   often   at   important 

results.     In  the  third  Exercise  we  by  this  deductive  method  arrived  at  the  value   of    p  p    and 

11 
jr  +  'p- '     I  '^'v^  ui  this  note  to  point  out  how  the  same  deductive  method  would  probably  enable 

us  to  arrive  at  the  six  difierential  equations  of  the  second  Exerdse. 

I    write  for   shortness  A3  in    place   of  the   symbol    of  passage    along  the  normal  n^  i.e.  in 

place   of  ^4-il,-^  +  ^j  ■3— ;  we  have  likewise  Aj  and  A,.     When  we  are  not  concerned  with  A, 

or  A,,  I  omit  the  suffix  and  simply  write  A  for  A, Now  dS  being   an   element  of  the 
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Bur&ce  u,  and  S,  R,  the  oorresponding  chief  radii  of  corrature,  I  have  shown  in  this  third  Exercise 
that 

^"^      dS  ~  R* R' 


Knowing  as  we  do  then  the  value  of  dS^  by  means  of  (a)  in  exercise  the  third,  I  obtained  the 

value  of    n  +  T^i   which   I  may  call   2,   and   thence  by   {p)  I   obtained   a    value  for   -j^^   which 

I  shall  call  n,  and  this  value  observe  contains  differential  coefficients  of  the  Kcond  order.  Lastly, 
by  means  of  (y)  I  thence  obtained  a  differential  equation  of  the  third  order  equal  zero;  but  it 
is  not  differential  equations  of  the  third  order  that  we  are  in  search  of,  but  differential  equations 
of  the  second  order,   and   we  thus  obtain  these.     In  addition    to  the  formula    n    which    I    have 

given  for   ^^  two  others  which  I  shall  call  11^  and  n,  can  be  obtained,     n,  contains  differential 

coefficients  of  the  second  order,  but  n^  only  contains  differential  coefficients  of  the  first  order, 
hence  the  formulse  {fi)  and  (y)  lead  to  the  foUowiz^g  differential  equations  of  the  second  order : 

{py       2-+A2-n.=0,      . 

08)"       SVAS-n,-0, 

(yy    -An,  =  n.s  =  n,.2  =  n..2, 

and  to  these  of  course  must  be  added  six  similar  series  of  differential  equations  of  the  second 
order,  derived  symmetrically  from  the  surfaces  u^  and  «,. 

Observe  also  that  we  may  write  the  first  (for  example)  of  the  Equations  on  page  497 

If^A       *a)»i     *   dA.     ^    dA^     ^    dA.      .         _ 

from  which  probably  interesting  results  might  follow,  but  I  must  now  bear  in  mind  the  warning  of 
our  great  Novelist,  that  ''We  can  do  nothing  safely  without  some  judgment  as  to  where  we  are  to 
stop." 
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V,     The  Place  of  Music  in  Educaiion  as  conceived  hy  Aristotle  {Politics 

V.  [viii.]  cc.  3—7). 

By  Professor  Jebb* 


[Read  May  17,  1875.] 


The  object  of  education  is  to  make  the  man  a  good  citizen,  and  so  to  put  him  in 
the  way  of  attaining  happiness;  that  is,  the  conscious  activity  of  the  highest  part  of 
his  nature  in  accordance  with  the  law  of  his  own  excellence.  Education  should  be  the 
same  for  all  the  citizens;  and  in  order  of  time  physical  training  must  come  first, 
moral  training  second,  intellectual  training  last.  The  State  Education  should  aim  more 
at  the  development  of  the  contemplative  than  of  the  practical  reason,  since  the 
legislator's  object  is  to  fit  the  citizen,  above  all  things,  for  the  wise  and  happy  enjoy- 
ment of  peace.  The  particular  branches  of^  Education,  as  ordinarily  recognised,  are, 
Aristotle  says,  four  in  number: — Qrammar,  Gymnastic,  Music,  and  (as  some  reckon) 
Drawing.  Grammar*,  Gymnasticf,  and  Drawing :[  ^^^  evident  practical  utilities;  but 
with  what  object  is  Music  to  be  taught?  This  cannot  be  said  to  be  either  such  a 
direct  utility  as  is  the  end  of  Gymnastic,  or  such  as  is  the  end  of  Grammar  and 
Drawing.  Three  objects,  Aristotle  says,  might  popularly  be  assigned:  iraiZela,  discipline; 
TratSta,  pastime;  and  Siayoffn,  the  rational  employment  of  leisure.  Classified  more  scien- 
tifically, the  objects  which  are  to  be  attained  by  the  study  of  Music  a^e,  he  concludes, 
these  three: — iraiSeia,  discipline;  Suiywyi],  rational  amusement;  and  /cdOctpiri^,  the  purifi- 
cation of  the  emotions. 

It  is  of  the  third  and  last  especially  that  I  wish  to  say  a  few  words,  with  a 
view  to  elucidating,  if  possible,  the  exact  meaning  which  Aristotle  attached  to  it,  and 
which,  as  it  seems  to  me,  is  as  suggestive  for  our  own  day  as  it  is  significant  of  the 
Greek  feeling  towards  art  universally.  But,  before  coming  to  KoBapay^,  it  will  be  worth 
while  to  touch  briefly  on  the  two  other  objects — iraiZela  and  Suvfwyii, 

L  vcuBela.  The  disciplinary  value  of  Music  for  youthful  learners  is  twofold ; 
artistic  and  moral.    Artistic,  as  educing  and  training  those  perceptions  which  will  make 


*  *  For  biuinesB— f or  eoonomy— f or  learning— for  politioal 
aotioDB.' 

t  wpit  vy^tttuf  Kul  aXjcijr. 

I  As  fitting  to  give  aooarste  ideas  of  shape  and  of 

Vol.  XII.  Pabt  II.  67 


artistic  finish,  whioh  guide  one  (for  instanoe)  in  purohases, 
iw  ro«t  UHoit  Moit:  as  making  men  connoisseurs  of  art; 
above  aU,  as  training  the  sense  of  beauty  in  the  human 
foim. 
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Music  a  delightfiil  resource  in  mature  life, — as,  in  short,  preparing  Suxrymyi^,  Moral,  since, 
as  we  listen  to  Music,  we  become  ttoioi  rive^:  there  is  a  definite  affection  of  the  soul; 
and,  if  the  Music  is  rightly  chosen,  it  disciplines  the  moral  nature  by  establishing  in 
us  the  faculty  of  rejoicing  aright — idl^ovaa  Svveurdcu  'xP'lpeiv  opdm.  For  Music  can  give 
us  images,  ofioicofiara,  of  certain  feelings, — ^love,  hatred,  joy,  sorrow;  and  pleasure  in  the 
imitations  will  create  sympathy  with  the  feelings  represented.  It  is  peculiar  to  the 
sense  of  hearing  that  it  can  thus  be  the  channel  of  a  moral  imitation.  The  sense  of 
touch  and  the  sense  of  taste  are  not  accessible  to  such  suggestion.  The  sense  of  sight  is 
so  in  only  a  slight  degree.  For  though  forms  and  colours  are,  in  a  way,  ethical,  or 
significant  of  character,  they  are  so  in  a  different  manner  from  musical  sounds  or  words. 
Musical  sounds  and  words  are  imitative  expressions  of  character  and  feeling.  Forms  and 
colours   are   not   expressions,  but  only  symbols;    they  are  not  ofiouifiaTa  but  (njfieui. 

Granting,  however,  that  Music  as  a  discipline  has  potentially  this  double  value,  the 
artistic  and  the  moral,  what  kind  of  Music  is  to  be  chosen  as  especially  useful  for  the 
discipline  of  the  young?  According  to  a  division  which,  Aristotle  says,  had  been  used  by 
some  scientific  writers  (tcSj;  iv  <f>iKo<ro<f>ia  rwai)  of  his  day,  fuKri,  styles  or  genera  of 
Music,   were  classified  as 

1.  fjfflKO, 

2.  irpaxTUcd, 

3.  ivOovauumKo. 

1.  The  meaning  of  fjOiKa  is  explained  by  the  mention  of  the  Dorian  fi(Krf  as 
being  rjOifcforara.  It  is  a  grave  and  manly  character  in  music,  remote  alike  from 
excitement  and  from  a  voluptuous  languor. 

2.  'Practical'  Music  is  that  which  accompanies  and  interprets  action;  —  stirring, 
vigorous,  animated,  like  martial  music,  but,  on  the  other  hand,  steady  and  restrained. 
In  the  Problems  Aristotle  says  that  the  Hypo-phrygian  mode — in  which  the  enthusiasm 
of  the  pure  Phrygian  was  tempered — ^has  an  ^Oo*;  Trpa/eri/cov  * :  and  so  the  iambic  trimeter, 
as  compared  with  the  saltatory  tetrameter,  is  said  to  be  irpatcri/cov'^' — as  Horace  expresses 
it,  natum  rebus  agendie. 

3.  'Enthusiastic'  Music  is  such  as  the  Phrygian — a  wild,  excited  strain,  fitted  to 
stimulate  the  worshippers   in  the  orgiastic  rites  of  Dionysos  or  Cybele. 

Now,  for  TTotSeta,  the  Ethical  Music  is  of  course  to  be  used, — the  Dorian  chiefly; 
though  the  Lydian  Music  may  also,  Aristotle  thinks,  satisfy  the  three  conditions  — 
absence   of  excess,   the  limit  of  what   is  practicable,   and   propriety. 

But  does  Music,  considered  as  a  part  of  early  training,  imply  the  power  of 
performing  upon  any  instrument?  Aristotle  gives  two  reasons  for  answering  Yea. — (i)  A 
measure  of  piuctical  knowledge  is  necessary  to  make  a  good  judge  of  Music,  (ii)  A 
musical    instrument  may  be  for  youths  what  the  TrXaToryi]  of  Archytas  is  for  children — 


*  Arisi.  Problem,  xtx»  41.  And  henoe  the  reason.^ie 
ftddB,  why  i}  ^o^puyivrl  was  never  nsed  in  Tragedy  by  the 
ohoms,  which  has  no  part  in  the  action,  bat  is  merely  a 


passiye  sympathiser— iriTdevHf  dvpeucrof, 

f  Arist.  Poet,  o.  24,  to  hi  lafAfivcAw  Ktd  rrrpifurpo^  Kunf- 
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a  means  of  keeping  them  out  of  mischie£  But  here  he  states  and  answers  an 
objection.  May  not  the  pursuit  of  executive  skill  in  Music  degrade  the  citizen  into  a 
fidpavao^  or  mechanic?  Aristotle  answers: — It  may  do  so,  if  it  is  carried  too  far.  We 
have  to  fix  a  limit  up  to  which  it  may  be  studied  by  those  who  are  being  trained  to 
the  virtue  of  a  citizen.  This  limit  is  determined  by  two  things.  First;  the  learning  of 
Music  must  not  interfere  with  other  studies.  Secondly,  the  body  of  the  citizen  must  in 
no  way  be  unfitted  for  war  or  those  exercises  iif^i^^  ^^^t  free  men.  No  mechanic,  any 
more  than  a  slave,  can  do  these  actions  which  are  according  to  virtue.  Therefore  youths 
must  not  enter  upon  such  laborious  musical  training  as  is  preparatory  for  the  contests 
of  artists  (Tc^vt^oi  arywves:).  Nor  must  they  attempt  those  brilliant  pieces  of  an  extra- 
ordinary difficulty  (ra  Oavfidaia  teal  ra  irepiiTd)  which  have  been  brought  into  contests, 
and  thence  into  education.  In  a  word — the  study  of  Music  must  stop  short  of  what 
is  rexy^Vi  professional.  The  feeling  of  the  Greeks  in  and  before  Aristotle's  time  towards 
artistic  specialists  seems  to  have  varied  with  the  eminence  of  the  artist  a  good  deal 
more  than  it  does  among  us.  The  artists  of  genius  were  recognised  as  great  men. 
The  ordinary  artists  were  mechanics — men  who  had  gone  aside  from  the  true  political 
life,  and  whose   moral  natures  were  maimed. 

II.  SLoytoyij,  The  distinction  between  iraiBui  and  Butrf<oyi]  must  be  clearly  seen. 
tratZca  is  mere  recreation:  it  is  for  the  sake  of  rest  {x°^P^^  avairavaew),  and  fulfils  its 
end  if  it  is  pleasant.  Siaycryi]  is  something  more:  it  has  two  elements,  corresponding  to 
the  two  chief  constituents  of  happiness  itself — rb  koKov  and  ri  iJSv.  It  is  the  employ- 
ment of  leisure  in  a  manner  befitting  a  citizen.  Let  it  be  remembered  what  is  Aristotle's 
view  of  this  o^oXiJ*.  The  soul  is  of  two  parts.  Rational  and  Irrational;  the  Rational  is 
divided  into  the  Theoretic  and  the  Practical  Reason.  As  the  Practical  is  subordinate  to 
the  Theoretic  Reason,  so  useful  or  necessary  actions  are  subordina^te  to  noble  actions.  War 
leads  up  to  peace.  Work  leads  up  to  rest.  Bravery  and  Patience  are  necessary  for  work, 
ie.  'Philosophy,'  intellectual  culture,  is  necessary  for  the  right  use  of  rest.  Temperance 
and  Justice  are  necessary  both  for  work  and  for  rest.  The  aim  of  education  is  to 
teach  men  first  how  they  shall  procure,  secondly  how  they  shall  use,  leisure.  Greek  civili- 
sation became  more  and  more  developed,  the  science  of  leisure — ^if  one  may  use  such  a 
phrase — ^was  more  and  more  cultivated.  Aristotle's  word  o^oXaorew  means  neither 
exactly  'leisurely,'  nor,  of  course,  'scholastic,'  but  rather  'fitted  for  leisure,'  i.e.  qualified 
to  use  it  intelligently:  see  Polit  VIL  (vi.)  8  §  22,  and  VIII  (v.)  11  §  5,  fajre  axoXa^ 
...  fii]T€  avWoyox;^  axo\cumKov^.  'As  they  became  more  fitted  for  leisure,'  he  says, 
'through  their  material  resources,  and  of  a  loftier  spirit  towards  virtue, — having  already, 
too,  after  the  Persian  wars,  been  lifted  up  in  spirit  by  their  achievements, — they  began 
to  lay  hold  on  all  learning,  drawing  no  line — ovSev  ZuiKplvovre: — ^but  pushing  their  search 
onward  f.' 

Here,  then,  is  the  reason  of  the  place  held  by  Music  in  the  mature  life  of  the 
normal  citizen — ^it  is  one  of  the  noblest  and  most  elevating  forms  of  Biarfmyi/j  or  rational 
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recreation.  And  while  it  is  thus  a  great  general  instrument  of  huv^tafn^  ^^  ministers, 
in  that  quality,  to  two  special  purposes — ^the  culture  of  the  intelligence,  ^pon/o-i?,  and 
the   purification   of  the   emotions^  Kadapat^. 

1.  To  the  intelligence  it  renders,  first  of  all,  the  service  of  relaxation,  dveai^'- 
secondly,  it  aflfords  a  gentle  exercise  for  the  critical  faculty  in  alliance  with  the  imagi- 
nation, thus  aiding  to  render  the  perceptions  subtle  and  exact.  Athene's  reason  for 
throwing  away  the  flute  when  she  had  found  it,  was  not,  Aristotle  suggests,  that  it 
distorted  the  player's  face,  but  rather  that  it  contributed  nothing  to  this  essential  object 
of  the  best  Music — culture  of  the  intelligence. 

2.  What,  however,  is  to  be  understood  by  KoBapai^y  that  purification  of  the  emotions 
which  is  the  highest  and  final  moral  function  of  Music  ? 

The  word  Koffapai^;,  as  applied  to  Tragedy  in  Aristotle's  Poetics,  and  here,  in  his 
Politics,  to  Music,  has  been  variously  explained. 

In  the  Poetics,  Tragedy  is  described  as  eflFecting,  by  means  of  pity  and  terror,  the 
purification  of  such  passions :  St  iXAov  /caX  (f>6fiov  irepaivovaa  rrjv  t£v  rotovrcDP  iraffrj^^ 
fjMTtov  KoJdapaiv, 

The  explanations  which  have  been  suggested  are,  so  far  as  I  know,  four  in  number; 
for  I  set  aside  the  notion,  resting  on  verbal  misconceptions,  that  iraffrj/j.droDv  and  xadapa-K 
could  mean  *  removal  of  calamities' — ^the  prevention,  that  is,  of  such  disasters  as  Tragedy 
represents. 

1.  KaOapav^  s  that  moderatMm  of  the  emotions  which  results  from  famib'arity  with  the 
objects  that  excite  them :  as  the  passions  of  pity  or  terror  might  be  moderated,  through 
habit,  in  the  physician  or  the  soldier.  This  explanation  is  manifestly  not  only  inadequate, 
but  not  specially  applicable  to  tragic  fiction. 

2.  4ca^ap(rc9  =  chastisement  of  the  had  passions,  effected  by  pity  and  terror  at  what 
Tragedy  represents.  When  we  see  in  Tragedy  what  the  bad  passions  entail,  we  restrain  them. 
This  view  appears  untenable  when  we  observe  that  it  excludes  pity  and  terror  from  the 
passions  thus  chastened;  whereas  Aristotle  says,  t£v  roioirmv  iraffrffidrmvy  such  passions — 
such,  namely,  as  pity  and  terror;  e.g.  love  and  hatred.  Compare  Polit.  V.  (viii.)  7  §  5, 
ravrh  &)  toCto  avarfKcuov  iraxry^iv  xal  Toi)?  ikerjiAOva^  koX  toxj^  if>ofiifirLicov^  koI  tou9  ciKov^ 
iraffrjri^Kov^ :   where  Touri  iraaxetv  ^  fceiOapaeio^  rvx^tv* 

3.  KaOapai^^  the  separation  from  pity  and  terror  of  what  is  disagreeable  or  painful 
in  such  emotions  when  they  are  excited  by  real  objects,  and  not,  as  in  Tragedy,  by  fictions. 
Pleasure  is  doubtless  attendant  on  xaOapai^  TradfjfJLcirav :  but  clearly  KaOapcis  consists  in 
something  more  than  making  an  emotion  pleasurable;  and,  moreover,  the.  operation  of 
Kodapai^  on  the  moral  nature  is  manifestly  something  gradual,  and  when  effected,  lasting; 
it  is  not  confined  to  a  momentary  impression ;  it  is  a  process,  and  ultimately  a  healing  of 
the  souL 

4.  KoJOapai^  — '  the  correction  or  refinement  of  the  passions.'  This  is  Twining's  expla- 
nation ;  it  is  the  nearest,  I  think,  to  the  truth ;  but  I  do  not  think  that  he  has  found 
exactly  the  right  point  of  view.     I  will  quote  his  own  words* : — 


*  Twining,  Poetia,  Vol.  n.  p.  17. 
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'The  passioiuf  of  savages^  or  of  men  in  the  first  rade  stages  of  civilisation,  are  fero* 
cious  and  painful  They  pity,  or  they  fear^  either  violently  or  not  at  all.  With  them, 
there  is  hardly  any  medium  between  ungovernable  agitation  and  absolute  insensibility. 
Suppose  such  a  people  to  have  access,  like  t^e  Athenians,  to  theatrical  representations, 
and  to  have  their  emotions  kept  in  frequent  and  pleasurable  exercise  by  fictUiovs  distress^ 
the  consequence,  I  think,  would  be  that  by  degrees  they  would  come  to  have  more  feeling 
and  less  perturbation.  Instead  of  sympathetic  emotions  rarely  excited,  painfully  felt,  and 
soon  extinguished,  they  would  gradually  acquire  a  calm,  lasting,  and  useful  habit  of  general 
tenderness  and  sensibility.  The  doctrine,  therefore,  of  Aristotle,  that  tragedy  purges  the 
passions  would  perhaps  only  amount  to  this — that  the  habitual  .exercise  of  the  passions  by 
works  of  imagination  in  general,  of  the  serious  and  pathetic  kind  (such  as  Tragedies, 
Novels,  &C.)  has  a  tendency  to  soften  and  refine  those  passions  when  excited  by  real  ob- 
jects in  common  life.' 

This  view  appears  essentially  modem.  The  idea  of  softening,  refining,  correcting, 
was  certainly  not,  I  think,  attached  by  Aristotle  to  xaOalpeiv,  Kadapat^  in  this  relation. 
In  order  to  explain  what,  as  I  think,  he  did  mean,  a  few  prefatory  remarks  will  be 
needful.  Winckelmann  observes  that  the  two  great  characteristics  of  the  Greek  ideal, 
whether  in  art  or  in  action,  are  what  he  calls  Heiterkeit  and  AUgemeinheit ;  cheerful  self- 
possession,  and  generality.  The  first  explains  itself;  it  is  I'epose  without  sternness  or  sad- 
ness or  monotony.  The  second,  generality,  is  to  be  understood  as  the  very  opposite  of 
laxity  or  vagueness;  it  means  the  concentration  of  impressions  into  types.  This  generality 
is  best  exemplified  in  sculpture.  There,  the  character  necessarily  predominates  over  the 
situation.  The  sculptor  has  to  choose  a  type  which  is  intrinsically  interesting,  indepen- 
dently of  a  special  situation  or  a  critical  moment:  and  then  he  has  to  present  this  type 
in  its  broad,  central,  incisive  lines*  This  he  effects,  not  by  accumulating  details,  but  by 
abstracting  from  them.  All  that  is  accidental,  that  distracts  the  simple  effect  of  the 
supreme  types  of  humanity,  all  traces  in  them  of  the  commonness  of  the  world,  he 
gradually  purges  away. 

Now  sculpture  is  not  only  the  most  Greek  of  Greek  Artsf,  it  is  the  Greek  soul  and 
nature  itself.  'In  its  poets  and  orators,'  as  Hegel  says,  'in  its  historians  and  philosophers, 
Greece  cannot  be  conceived  from  a  central  point,  unless  one  brings,  as  a  key  to  the  un- 
derstanding of  it,  an  insight  into  the  ideal  forms  of  sculpture,  and  regards  the  images  of 
statesmen  and  philosophers  as  well  as  epic  and  dramatic  heroes  from  the  artistic  point  of 
view;  for  those  who  act,  as  well  as  those  who  create  and  think,  have  in  those  beautiful 
days  of  Greece  this  plastic  character.* 

As  Sculpture  purges  away  the  accidental,  the  common,  the  disturbing,  so  it  is  that 
Tragedy  and  Music  KoOalpova-^  ra  Traffqfiara,  Tragedy  moves  pity  and  terror;  and  Greek 
Tragedy  moves  them  by  the  simple,  massive  presentation  of  great  issues,  from  which 
the  vulgar,  the  spurious,  the  petty,  the  maudlin  are  excluded;  it  is  the  conflict  of  the 
human  will  with  necessity,  it  is  the  antithesis  between  written  and  unwritten  law,  it  is  the 
stedfast  endurance  of  suffering  incurred  in  a  good  cause,  it  is  the  duty  to  Apollo  prevailing 
over  the  dread   of  the  Furies.     The  objects    or   the   issues,  however  grave,  which  in   real 


*  See  Pater,  Studia  in  the  HUtory  of  the  Renausance,  p.  188.  t  ih.  193. 
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life  move  such  emotions,  have  seldom  this  riettet^,  this  clearness  of  outline  and  freedom 
from  alloy.  What  is  the  ultimate  reason  of  that  offence  which  persons  of  ordinary  culti* 
vation  experience  when  some  tragic  or  horrible  occurrence  is  made  the  subject  of  florid 
comment  ?  It  is  that  such  comment  is  doing  deliberately  and  violently  the  very  reverse 
of  what,  according  to  Aristotle,  Tragedy  has  to  do;  it  is  using  pity  and  terror  not  to 
clarify  but  to  adulterate  the  feelings  by  confounding  an  essential  pathos  with  its  most 
trivial  or  repulsive  accidents.  A  living  poet  and  novelist,  whose  fictions  have  some  moral 
as  well  as  some  artistic  aflSnity  with  Greek  Tragedy,  was  once  asked  how  these  works  had 
been  influenced  by  the  study  of  Sophocles;  and  the  answer  was,  'in  the  delineation  of  the 
great  primary  emotions.' 

Music  also  can  move  pity  or  terror  or  the  feelings  akin  to  them: 

And  lo,  ^th  thee  doth  rise 

The  lord  of  melodies. 
Sovereign  of  glorions  sound,  as  thoa  of  fonn : 
Love,  hate,  hope,  fear,  scorn,  wrath,  defiance,  prayer. 
Each  at  Beethoven's  mandate  thrills  the  air, 
The  low,  sad  night-wind  or  the  rushing  storm. 

And  Music,  when  rightly  used,  can  effect  the  katharsts  of  these  emotions.  What  Tragedy 
does  in  the  sphere  of  action,  'rrpd^i^,  so  far  idealised  as  to  be  represented  by  great  and 
simple  themes,  this  Music  does  in  the  sphere  of  moral  imitation^  rj0c/c^  6/iiola>ai^,  which  i* 
peculiar  to  it.  It  gives  a  scope  to  the  emotions  from  which  everything  foreign,  turbid' 
vitiating  or  perplexing,  is  banished ;  it  clarifies  them ;  it  presents  them  in  a  genuine  sim- 
plicity, and  at  the  same  time  with  a  majesty  and  a  power  from  which  even  detail  which 
was  not  impertinent  would  still  necessarily  make  some  detraction. 

In  order  to  see  distinctly  that  the  modem  and  perhaps  peculiarly  English  idea  of 
toning  down,  refining,  is  not  necessaiily,  and  if  at  all,  only  in  a  secondary  sense,  connected 
with  katharsis,  let  us  look  at  a  striking  and  suggestive  passage  in  the  Politics  V.  (viii.)  7, 
§  4.  Aristotle  has  just  been  saying  that  Music  is  valuable  for  the  three  things,  iraiZela, 
Siar/ayyri^  /caOapai^,  and  has  drawn  the  inference  that  all  the  modes,  ap^vlaiy  may  be  ad- 
vantageously applied  for  one  or  another  of  these  purposes;  the  most  ethical  harmonies,  for 
iraiZela^  the  practical  and  the  enthusiastic  for  dkrodsis — for  listening  to  while  other  people 
play*.  But  why  is  enthusiastic  music  thus  universally  available?  Because,  he  says,  the 
emotion  which  in  some  souls  occurs  vehemently,  taxvpw,  exists  originally,  virapx^h  in  all 
human  souls,  in  some  degree:  this  is  true  of  pity  and  terror;  this  is  true  also,  he  adds, 
of  enthusiasm ; — just  as  Wordsworth  says,  that  the  poet  is  a  man  who  has  the  common 
sensibilities  in  a  higher  degree.  '  Some  persons,'  Aristotle  continues,  '  are  liable  to  the  seizure 
by  this  tumult  in  the  soul ' — viro  ravrr}^  rrj^  KiirqaetD^  KaraK(ty)(ifjLOL  eurip.  Then  he  gives  an 
illustration.  So  much  depends  on  the  exact  rendering  of  the  words  here,  that  I  must 
give  the  Greek.  iK  Be  rdv  ieptSv  fieXtSv  opw^ev  tovtov^,  orav  j^pi^acavra^  toJ?  i^opym^ovai 
rrjv  '^vj(rjp  fiiKeat,  Kadurrafihfov^  Sawep   tarpela^  rvxovras   teal   /caOapaem^.     ravrd   S^  rovro 


*  We  mnst  not  alter  irp^t  dxpiofftp  into  irp3f  Ki6ap9Uf  as 
Twining  does.  Aristotle  has  used  the  conveniently  general 
word  aKpSaffis  precisely  because  it  indades  the  two  elements 


of  the  use  wpot  diaTtfy^*^— the  onltiYation  of  the  intenigenoe, 
and  xdOtipffts* 
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dvarfieatop  vcurxeiv  koX  rov^  ikeijfiova^  teat  rov^  if>ofirjTiKov^  leol  tov9  ctXXov^  wadfjrucoi^f 
rov^  S*  aXXov?  teaff*  oaov  iirtSaWec  Ikcuttov  tovtcdv,  koI  ira<Ti  ^{rpf^trQai  ri^va  Kd3ap<nv  /cai 
tmvfjyi^eaOai  fieff  rjSov^^.  The  point  is — ^Are  we  to  identify  ra  Upa  fiiKtf  with  rd  rrjv  '^^vx^p 
i^fyy^a^ovra  fieKrjt  I  think  it  is  dear  that  Aristotle  meant  to  do  so;  and  I  render 
thus: — 

'Now,  as  a  result  of  the  sacred  chants,  we  see  such  persons  (viz.  those  who  are 
susceptible  of  enthusiasm  in  the  higher  degree),  when  thej  have  experienced  that  music 
which  brings  the  soul  to  a  frenzy,  becoming  their  true  selves  (KaBurrafUvov^*),  having 
met,  as  it  were,  with  that  which  can  heal  and  purify  them.  The  same  thing  must  needs 
be  felt  by  the  comp€wsionate,  by  the  timid,  in  a  word,  by  the  emotional,  and  by  the  rest 
of  the  world,  in  such  measure  as  each  shares  this  or  that  susceptibility.  All  must 
experience  a  purification,  a  relief  attended  by  pleasure/ 

If  this  is  a  right  version,  then  the  tcadapai^  the  larpela  of  these  naturally  enthusiastic 
natures,  is  nothing  else  than  enthusiasm  itself:  it  consists  in  their  liberation,  by  the  in- 
spiring and  elevating  power  of  the  music,  from  all  that  restrains,  obscures,  or  abuses  that 
divine  emotion.  It  is  anything  but  a  toning  down  or  a  refinement;  it  is  an  exalting,  an 
intensifying  influence. 

But  an  objection  might  occur.  Why  should  not  the  sentence  be  translated  thus: — 
'We  see  such  persons,  after  that  they  have  experienced  the  orgiastic  melodies,  brought  into 
their  normal  state  by  the  sacred  melodies'?  The  Upd  fiikrj  would  thus  be  tranquillizing 
melodies  following  the  i^pyid^ovra.  Twining,  in  his  introduction  to  the  Poetics,  is,  however, 
clearly  right  in  identifying  the  Upa  with  the  i^opyid^ovra.  '^jfyqatovra^  is  to  be  translated 
by  the  English  perfectf*, — 'when  they  have  used'  or  experienced :  the  Kardcrraavi,  or  pleasurable 
subsidence  of  the  soul,  is  a  consequence  of  the  orgiastic  music. 

To  sum  up : — Where  does  Aristotle  place  Music  in  Education  ?  He  says  that,  for  the 
youthful,  it  is  a  discipline  both  artistic  and  moral;  but  differs  here  from  the  modem  view 
in  requiring  such  a  measure  of  executive  skill  as  wiU  make  the  connoisseur  a  practical 
judge ;  a  view  inseparable  from  the  Greek  conception  of  art  and  art-criticism  as  part  of  the 
complete  civic  life,  but  one  which  has  been  partly  superseded  in  modem  days  by  the  creation 
of  a  scientific  sesthetic,  bringing  principles^  ascertained  through  practice,  within  the  appre- 
hension of  those  who  have  had  no  practical  experience.  For  the  mature.  Music  is  a  noble 
recreation,  fitted  to  develope  the  intelligence,  fitted  also  to  purify  the  emotions;  that  is, 
to  detach  from  the  emotions  whatever  is  accident  or  alloy,  and  to  afford  them  a  field  for 
their  clear  and  essential  exercise.  And  this  without  loss  of  intensity — rather,  to  the 
heightening  of  true  power.  Compare  two  passages  in  which  a  Qreek  poet  and  an  English 
poet,  eminently  not  Greek,  have  made  a  husband  and  wife  converse  on  a  great  distress* 
Compare  the  parting  of  Hektor  and  Andromache  in  the  vith  Book  of  the  lUad  with  the 
dialogue  between  Adam  and  Eve  in  the  xth  Book  of  Parcdise  Lost.  No  one  would  say, 
I  think,  that  the  scene  in  the  lUad  was  less  strenuous,  less  intense,  less  passionate,  than 


*  For  KaBurrafihovt,  cf.  Arist.  JRheU  1. 11,  where  ^doin)  Ib 
defined  as  itUr/fois  ns  Trjs  inrxyjs  kc/I  KardtrraffH  d0fi6a  koI 
alffOir^  €lt  rrjp  virdpxovaaw  ^vatr — *a  setUmg  down,  sudden 
and  sensible,  into  oar  proper  nature.' 

t  The  aorist  sabjunctiye,  after  Stop,  ireiSdif,  irdv,  is  to 
be  translated  differently  in  two  different  oases  :^(1)  when 


the  leading  verb  is  fiOure,  by  onr  future  perfect :  irttidif 
toCto  tSw,  iXevffofuu:  when  I  shall  have  seen  this,  I  shall 
eome:  (d)  when  the  leading  yerb,  being  in  the  present 
indicatiye,  denotes  a  general  truth,  by  our  perfect:  Stw 
rotrro  f(5»,  dv4pxo/tai:  when  I  have  seen  this,  I  (always) 
depart    Gf.  Goodwin,  Qreek  Moodf  and  TenteSt  p.  2G. 
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the  other.  But  the  tcdOapai^:  irafffffiaTeDv  is  eflFected  by  the  Greek  as  it  surely  is  not  by  the 
English,  and  why?  Because,  in  the  Iliad,  the  type  is  not  merged  in  the  person;  because 
cheerful  repose,  and  generality  or  typical  concentration,  are  so  perfectly  preserved  in  the 
Greek*. 

How  is  Aristotle's  view  of  Music  related  to  Plato's?  Much  has  been  said  of  the" 
'atUtagonism'  between  Aristotle  and  Plato  as  to  music;  but  I  cannot  help  thinking  that 
the  commentators  have  confused  the  thing  by  dwelling  on  trivial  differences  of  detail  The 
most  definite  utterance  in  Plato  as  to  the  general  power  of  music  is  in  the  BepuUic 
in.  pp.  401,  402:  where  he  says,  that  musical  training  is  so  powerful  *  because  rhythm 
and  harmony  find  their  way  into  the  secret  places  of  the  soul,  on  which  they  mightily 
fasten,  bearing  grace  in  their  movements,  and  making  his  soul  graceful  who  is  rightly 
educated,  and  his  ungraceful  who  is  ill-trained;  and  also,  because  he  who  has  received 
this  true  education  of  the  inner  being  will  most  shrewdly  perceive  omissions  or  faults 
in  art  or  nature,  and  with  a  true  taste,  while  he  praises  and  rejoices  over,  and 
receives  into  his  soul  the  good,  and  becomes  noble  and  good,  he  will  justly  blame  and 
hate  the  bad,  now  in  the  days  of  his  youth,  even  before  he  is  able  to  know  the  reason 
of  the  thing;  and  when  reason  comes  he  will  recognise  and  salute  her  as  a  Mend  with 
whom  his  education  has  made  him  long  familiar.' 

That  love  for  the  beautiful  which  is  engendered  by  Music  is,  for  Plato,  an  intro- 
duction to  the  more  divine  Erds  for  the  Ideas.  Here,  then,  we  have  a  clue  to  the 
essential  difference,  so  far  as  there  is  one,  between  the  Platonic  and  the  Aristotelian  view 
of  Music.  Plato  connects  music  rather  with  religion,  Aristotle  with  art;  Plato  regards  it 
as  a  means  of  evpking,  Aristotle  of  defining  enthusiasm.  Aristotle's  remark  that  Plato  is 
wrong  in  allowing  the  Phrygian  along  with  the  Dorian  mode,  while  he  excludes  that  in- 
strument, namely,  the  fiute,  which  goes  best  with  the  enthusiastic  music,  seems  to  show  a 
certain  insensibility  to  Plato's. spirit "f*.  The  flut«  is  the  instrument  which,  in  Greek  music, 
marked  the  divergence  of  irdOo^  from  iiaJBt^iri^ :  the  use  of  Music,  according  to  Plato,  was 
to  enlist  a  divine  ira0o<;  in  the  service  of  a  divine  fLa0fi<n^. 

There  are  phenomena  of  the  present  day  which  forcibly  suggest  the  importance  of 
Aristotle's  view  regarding,  the  vmversdL  moral  importance  of  Music  as  an  element  in 
education, — I  mean  the  ecstatic  movements,  whatever  special  form  they  may  take,  and  the 
passion  for  excitement.  What  are  these  but  instances  of  repressed,  untrained,  and  therefore 
ungovernable  sensibilities  taking  the  first  opening  that  is  offered  to  them?  Experiment 
has  shown  what  Music,  when  it  is  good  enough,  can  do  in  educating  such  sensibilities. 
There  is  one  point,  however,  on  which  the  modem  world  would  differ  from  Aristotle — ^the 
only  important  one.  The  principles  of  music  now  rest  on  a  really  scientific  basis,  not  on 
grounds  fully  possessed  only  by  special  experts,  and  merely  touched  by  philosophers  as  part 
of  a  wider  domain.  Again,  the  generalisations  of  aesthetic  give  critics  who  are  not  even 
specially  musicians  a  stand-point  of  their  own.  Aristotle's  plea,  therefore,  that  it  is 
necessary  'xi^ipovpyelv  in  order  Kpircv;  t£v  epycov  elvai  <nrovScUov^  has  no  longer  its  Greek 
validity.    In  all  else,  the  modem  world  may  still,  perhaps,  not  scorn  to  hear  the  old. 


•  (i)  P.  L.  X.  720-644,  914—936 :  (ii)  Iliad,  n.  476—671.  t  Ariflt.  PoKL  v.  (vui.)  yi  g  9. 
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I.    Exerciser  in  Curvilinear  and  Normal  Co-ordinates.    By  the 
•  Rev.  J4ME3  William  Warren,  Caiiis  College. 


[Read  May  7,  1877.] 


ES^ERCISE  THE  FOURTH, 

Normal  Co-ordikates, 

Let  us  suppose  that  the  equations  of  three  siirfaces  each  contain  such  suitable 
parameters  that  when  these  parameters  change  in  value  each  of  the  three  surfaces  may 
be  made  continuously  to  pass  4:hrough  all  space.  Clearly  the  Cartesian  co-ordinates  of 
any  point  in  space  may  be  supposed  to  be  expressed  in  termn  of  the  equations  of  three 
such  surfaces. 

Now  imagine  two  distinct  systems  of  three  such  surfaces,  call  one  the  system  u^yU^yU^, 
and  the  second  the  system  U^,  C^,  U^,  we  shall  denote  functions  of  u^,  w,,  w,  and 
similar  functions  of  Z/^,  Z7,,  U^  by  the  same  letters,  but  we  shall  dash  these  letters 
in  the  case  of  U^,  U^,  U^,  thus  we  shall  have  suqh  corresponding  symbols  as  C^^,  Cj/,  &c. 

It  is  clear  that  in  general  a  surface  of  the  system,  u^  say,  will  not  coincide  with  any 
surface  of  the  system  Uj,  but  we  shall  now  supfk)se  the  surfaces  w,,  u^,  u^  and 
Z7j,  Z7j,  Z7j  to  be  such  that  one  surface  of  the  system  u^  coincides  with  one  surface 
of  the  system  U^,  and  this  common  surface  we  shall  for  the  sake  of  conciseness  call 
the  surface  (U^  and  u^.  We  make  the  same  hypothesis  for  the  surfaces  u^  and  U^, 
w,  and  I7g,  so  that  we  have  the  surfaces  (U^  and  u^)  and  (C^  and  u^. 

It  is  clear  that  in  general  U^  19  a  function  of  t^^,  u^,  u^,  whilst  u^  is  a  function 
of  Z/j,  CT,,  and  17,:  the  same  remark  is  of  course  true  for  U^  and  U^  and  m,,  t/^;  this 
being  the  case  we  clearly  have 

du'dif,  dujdu,  dii:jdu,  d^/ 
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Suppose  now  the  surfaces  u^  and  V[  to  take  up  the  position  (ZJ,  and  wj,  then  clearly 
we  have  all  over  the  surfece  (U^  and  wj  both  du^^^O  and  dU^  —  0;  therefore  since  the 
relative  value  of  the  diflferentials  dU^  and   dU^  are  quite  arbitrary,   we  clearly  have  all 

over  ( Z7j  and  t* J  both  ^  =  0  and  -^  =  0,  and  hence  cleai-ly  we  have  at  the  point  in  space 

where  the  three  surfaces  {U^  and  wj,  (Z7,  and  w,),  {U^  and  w,)  intersect  (which  point 
for  shortness  we  may  call  the  "  common  point**), 

dU,     ''  dU,    '^' dU,    ^' dU~^'  dU~^' dU~^' 
dU;    "'  dU^dU,    "'  ^•' 


'.=  0.  &c.. 


dU~dU^  du^'  W~dU,  5^,'  W~dU,  du^' 


(1). 


It  is  clear  however  that  we  have  no   reason    for    asserting    that    at    the    coniTnon   point 
any  one  of  the  nine  quantities  -pffk*   /trj  /i\t  »  ^^*   *^®  ^^to,   in  fact  it  is  not  true  that 

this  is  the  case^  and  one  of  the  first  things  we  shall  do  is  to  express  these  nine  quantities 

dA       dA 
as  linear  functions  of  the  nine  diflferential  coefficients  -,— " »  -j-" ,  &c. 

The  notation  of  this  Exercise  is  the  same  as  that  used  in  my  first  three  Exercises; 
with  the  following  additions,  tre  write 

^M      _  ^  .  ^ti  _  =.  A  •       ^'^     =  A 

{A^Aj ;  c„ = n^ ;  (^^.1,,)*  .  c,, = n., ;  {A,,AJ  .  c^  «  n,.. 


1 

'A'' 


The  same  symbols  dashed  will  denote  the  same  Ainctions  with  regard  to  the  dashed  or 
U  system  of  co-ordinates,  and  it  is  clear  that  at  the  "common  point"  we  shall  have 
A,  =  A/,  &c.,  2j  =  2/,  IIj  =  ITj',  &c.,  A  =  A\  When  the  dashed  or  U  system  of  co-ordinates 
are  normal  co-ordinates  (as  we  shall  generally  suppose  them  to  be),  we  write  in  place 
of  A/,  2/,  n„',  &c.,  the  letters  -4^,  S^,  P„  of  my  former  Exercises,  we  then  have  of 
course  at  the  "common  point"  A^^A^,  &e.;  where  however  it  must  always  be  carefully 
borne  in  mind  that  A^^  8^,  P„,  &c.,  and  the  no'nnal  B  are  supposed  to  be  expressed  in 
terms  of  n^  n^,  n^,  whilst   the  ten    quantities    that    are    strictly    equal    to    them    at    the 


22,  n„  n.. 

1    A.    A. 

n„  22.  n„ 

^A\ 

A.    1    A, 

n„  ii«  22. 

~ 

A.    A.    1 
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common  point,  %.€.  A^,  2^  n„,  &c.,  A  are  ahvaya  supposed  to  be  expressed  in  terms  of 
w,,  w,,  and  u^. 

We    shall    also    represent    the    three    operating    symbols  ->-*  -^ -,   j^  ^— y   ;j-  j- » 
(supposed  to  operate  always  on  functions  expressed  in  terms  of  w^,  m„  Wg,  never  of  n^,  w,,  ti,) 

d  (J  ft 

by  the  symbols  of  abbreviation  ^— ,  -p ,  ^- ;  these  symbols,  mind,  are  mere  symbols  of 
abbreviation,  and  wherever  we  see  one  of  them  it  is  always  supposed  to  be  a  mere 
representative    symbol  for  -jr-^     -^ ,  &c.    The  object  of  this  Exercise   may  be  now  clearly 


dS^     rfSj 


dvj '    dn^      rfi/j  ' 


stated,   it    is    to    determine    if  possible    the    thirty    quantities     , 

-1 ^^  linear  functions  of  the  nine  quantities  -i-^S  &c.;    and  if  we   can  find   thirty 

such  equations  true  at  the  ^'common  point  ^  it  is  tolerably  clear  that  the  general  equa- 
tions of  normal  co-ordinates  can  be  immediately  transformed  into  the  general  equations 
of  Curvilinear  Co-ordmates,  and  that*  in  both  oases  they  are  similar  in  form, 

A  few  more  matters  with  regard  to  notation  only  need  to  be  explained;  we  write, 
for  the  sake  of  conciseness) 


(2). 


.(3), 


Twelve  more  equations  exist  similar  to  (2)  and  (3),  and  of  course  we  have  eighteen 
similar  equations  dashed.     Lastly  let  us  write 

du^  =  P,j .  dn^  +  P,, .  dn^^-P^^ .  rfw, 

du^^P^.dn^-^P^.dn^^P^.dn^    (4); 

du^^P^.dn.-^P^.dn^-^^P^.dn^ 

we  have,  by  what  was  abready  stated,  at  the  ''common  point"*  P„«0,  Pi,  =  0,  P„  =  0, 
P„  =  0,  P^»0,  P„=sO,  and  it  only  requires  a  little  consideration  to  see  that  we  also 
have  at  the  common  point 

68—2 
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-*  M---^M 


.(5). 


•*  at      -^88 

Observe  also  that  the  ten  quantities  A^,  2j,  IIj^,  &c.,  A  are  all  functions  of  angles. 

Our  system  of  notation  being  thus  all  clearly  explained,  I  now  go  on  to  the  direct 
object  of  this  exercise,  I  divide  what  follows  into  sections  for  the  sake  of  clearness; 
and  our  first  section  will  have  for  its   object  the  problem  to  express  the  nine  quantities 

-i— 1,    -T~^  9  &c.  linearly  in  terms  of  the  nine  quantities  -7-^,    "TT^  *  ^^'*  ^^^^^^  ^  already 
explained,  -7—,  &c.  are  mere  abbreviatioiis. 


I. 

V<'    dn.dn,'^'''  ^"^    dv,  '     dv,   '  ^""y 

V  being  any  function  of  u^,   u^,  u^,  and    therefore  of  n^,   »,,   n^,   we  in  "Exercise  the 
first"  have  defined  the  letters  -4„,  A^^^  &c.,  or  -4^/,  -4^/,  &c.,  thus 

fdr\' .  fdvy ,  fdr\'    ,  rdv\ ,  ^ .  dv  dv ^^ 

hence  we  clearly  must  liave 

.    fdV\*^.   dV  dV  ^.         /dV\*     ^  .  dV  dV  ^  J.  ,«, 

In  Equation   (6)   write    V  equal    to    w^,   or  t/,,   or  u^,   and  we  immediately  obtain   three 
equations,  one  of  which  is 

--  -  ©'-  0-  ©■  ^  ^^-  '^  1^  ^  ^-  S:  t  -  ^''-  S;  -^■■<^-- 

differentiate  now  both    sides    of   the    equation    (7)   in  succession  with  regard  to  n^,  n,, 
and  Wj,  we   easily  obtain 

rfw^         dn^  *  dw^  dw-j  •  dn^  dn^ ' 

da^        \A^  *  dn^dn,  ' 

dwg         ^M^    '  dn^dn^ 
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We  can  clearly  therefore  write  down  the  following  nine  equations 

^.  *  1  l^i  _  rill  ^  _  4l.  ^l 

^_ljd^     4ndA„_A^dA^\ 

'   •""        "     "  ""       "      "J' 


535 


dn* 


A„  du. 


2  (  du,      A„  du, 
dn,'     2  \ du,     A„  du^      A^  du^y 


1  /^-\» 


d'u^    ^  1  /A„\i 


dw.  ' 


jPu, 
drij 

(2n 


<2n,  (^,     2 

Thus   we  have  accomplished  the  object  of  this  article. 
1  now  proceed  to  article  the  second. 


,d«,-2UJ  *   'du,' 
.,dn,-2Uj  '    du,  ' 
In^  dn^     2  \A^)  '    du^ 


.(8). 


IL 


{(^  -  ^)  >     (^  -  ^) '  *^  l^^^'ly  in  terms  of  ^.  &cj  . 

Let  us  in  equation  (6)  write   V  equal  to  u^  —  X .  w,  where  \  is  any  indeterminate, 
then  equate  the  coefficients  of  \  on  both  sides,  we  instantly  obtain 


(du^  du^     du^  du^ 

*  \dn^  dn^     dn^  dnj 

(duj  <i%,dus  du^\ 

*  \dn^  dn^     dn^  drirj 

J    (du,^     du^du,) 
^^'\dn^dnj,dn,dnjl    ; ^^^• 

Now  differentiate    both    sides  of  this  equation  (9)   in  succession  with  regard  to  w^, 
n,  and  n, ,  and  then  suppose  that  we  are  at  the  "  common  point/'  we  clearly  obtain 

du^  dA^__du^  du^  ^^^a  ^    ^^^       a  ^    ^<*i 
dn^  du^      dn^dn,  d\        ^dn^  dn^cki^^        *rfn,  dn^dn^' 
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or  subBtituting  from  system  (8), 


dn. 


fi,-\A„Aj   du,      A^A„\2\  A„  J    du,^2\  A^   }   d«,  |  ' 
therefore  clearly  we  liave. 

dn,      ^"rf«,t(^„^Ji|' 
or  finally,  ^  =  ^- 

We  also  clearly  have 

du^  dA^     du^  du^  dA.     du,       d^u^  .   du^    rfV 

dn^  du,      dn^  d«,  dn,     dn,  '  dn,dn,         *  dn,  dn,  dn, 

.    (duj    d\       du,  d\\ 
^    »  [dn,  dn,  dn,  ^  dn,  dn,')  ' 

or  substituting  from  system  (8), 

dA,  ^   1    dA„     A  J  dA„         A„        dA„ 
dn,     A  J  du,      2A„  du,     2A„.AJ  du. 


A^ 


2^«  .  ^. 


IV   <««.  "   Uw.      A^du,      A^duj]' 


and  this  clearly  may  be  ■written  in  the  form 


dA 
dn. 


h^-'^.{(I^}-iI7X,»W"-""^"'^*'^--^-""'^^ 


but  by  the  formulae  given  in  Exercise  the  first, 

lA    A       A   A\^    9iL      ^-  '  ^«  '  ^««  '  g,i-^n*  >  ^J  ■  ^^  '  n„ 

SO  that  clearly  we  may  write 

dA,     JA,  1  fjj    ^«^2S^-^4 

rfn,  ""  di/,  "^2  .  ^».  il„  '  r"   dv,      ^^»  rfi^,  J  ' 
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Hence  by  symmetiy  we  may  obviously  write  down  the  nine  formulso 

dn,      dy,  ' 

dA^^dJ^ 
dn,      dv,  ' 

dA,^dA, 
dn,      dv,  * 

dA^     d\  ,        1  f„    dA„     ^^  dA^ 

dn,  ~  dv,  "*"  2A* .  A„  •  V  »  dp^ »    '^*>  dv,  I 

dA,     dA,  1  U    d^_22  ^l 

dw.  "  dv,  ^  2A* .  A„  •  t    "  dp,      ^*'  dp,  J 

dn,      dy,  ^  2A* .  A„  ••  t    "   dp,      ****  di'j  j 

dn,      dp,  ^24*.  ^„  •  t    "  dp,      ^*»  dp,] 

dA,_dA,  1  r       d^_   2  d^l 

dn,      df,  +  2^» .  A,,  '  1""  dv.      -**•  dy,  J 


d^,_dA  1 

dn,  ~  dv,  "^  2A* .  A, 


.(10). 


We  btive  thus  accomplished  the  object  proposed  in  the  second  section,  and  accord- 
ingly go  on  to  third  section. 


lU. 


{(^-^I)'  (Ik -^)''^-  ^^^y  ^°  *«™''  °^ ^'M- 


The  operating  symbols  j— ^^  ai^d 

are   clearly  equivalent      Hence    it    is    easy  to    deduce    that    at    the    common    point    the 
following  operational  formulas  are  true. 


^    "    "'   dWj  rfu,     rfnj  dn^  *  rfw^     dn^  dn,  du^ 


dn^  dn^ 


•(11), 

.(12). 
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Operate  with  these  symbols  on  the  Cartesian   coordinates  of  a  point  aiid  substitute  in 
such  expressions  as 

d/ij  dn*     dn^  dn*     dn^  dn*^ 

drij  rfn^  dn,     rfn^  dn^dn^     dn^  dn^dn^ ' 
we  easily  thus  deduce  the  four  following  typical  equations : 

dS,^A*dC^,.  in   ^ 
dn,~    2~  du,  ^^""""dn; 


dn^ 


dn, 


l:-^-^.4t'^^"'{''"4^/''"A} OH 


Now  first  let  us  consider  formulaB   (IS).     Suppose  that  we  substitute   in  it  for  -r-^J  from 
the  group  of  formulae  (8),  we  clearly  obtain 

dn,        2"  r"  du^  ■*■  ""^  du,         A^,     du,        A^^'    duj' 

which  clearly  may  be  written  in  the  form 

dS,      d%. 
dn, 


,  dp,    2r»dv,^^*  dvj • ^^^^• 


Again,  let  us   consider  the  formula  (15)  and  substitute   from  the  group  of  formulae   (8), 
we  clearly  obtain 

<^^.-l  .  dC,,  1  dA  G,,.AjdA„_ 
dn,  2  "  du,  ^  2  ''«  rfy,  ^  2aJ  dv,  ' 
so  that  dearly  we  have 

dS,_d2,      Hj.     dA^ 

d%  ~  dv^  ^  2A„  •    dv, ^    -"■ 

Again,  from  the  formula  (16)  and  its  analogues  we  can  easily  deduce  the  result 

^  -(A'   A      A  \i  ^ 

+  A  ilc  -^*-  +  C   — »-l  +  J  Ac     ^"'    I  C     ^"«  ]  ■ 
^  ^"  1^"  dn^dn,  +  ^"  <f»,d»J  +  ^^  t^»  dn,rfn,  +  ^»  dn.dn,]  ' 


and  making  iise  of  formula  (8)  as  in  previous  two  cases  we  easily  obtain  the  result 

dP^    dn.. 
dn. 


rfn,       dv,  ^23;!""  rfy,  +^^»  dv,] ^^*'^' 
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Lastly,  suppose  that  we  take  the  sam  of  formube  (14)  and  (15),  we  then  clearly  obtain 


hence  substituting  from  the  group  of  formulie  (8)  we  clearly  obtain  that 
hence  clearlj  we  obtain  that 


rr-^+ii.h.-^"")^-'^"-^'} «• 


It  is  clear  that  the  group  of  formuleB  of  which  (17)... (20)  form  a  part  are  eighteen 
in  number ;  it  is  perhaps  needless  to  write  them  all  *  down,  but  I  shall  give  six  for  the 
sake  of  reference,  and  the  others  can  be  formed  by  a  cyclic  change  of  suflBxes. 


dn,      dv,        ^„'l 


rfn.       dv^      2A 


dP, 
dn, 


} 
} 

— -.  n  ^-M 

"•  dp,"       »•  drj 

rii-^-A.nj.^-A.n,.^} 


dn^      dv^    '  2-4., 
dn. 


A    ^» 

dA„ 
dv^ 


n.. 


n.. 


11.. 


^  + 


.(21). 


There  are  six  more  formula  similar  to  the  first  three,  and  six  similar  to  the  last  three, 
which  the  reader  can  easily  write  down. 

If  we  examine  thfe  groups  of  formulae  (10)  and  (21),  we  find  that  they  are  governed 
by  a  series  of  remarkable  symmetrical  laws;  firstly,  none  of  the  three  differential  co- 
efficients  -^*;    -f^\  -r^  enter  our  formulae;  secondly,  whatever  sufiix  appears  in   the   n 

that  we  differentiate  with,  the  same  double  suflRx  enters  the  A,  i.e.  n^  and  -4^,  are 
associated,  but  n^  ^.nd  A„  are  never  associated ;  thirdly,  A^^  A„  and  A^  enter  in  a 
logarithmic  form.  Other  laws  may  also  dtrike  the  readel".  I  now  proceed  to  the  fourth 
section. 
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IV. 


B  we  have  defined  in   "Exercise  the  first/'  ^    we    have    defined    in    this    Exercise,   the 
relation  between  A  and  B  is  shortly  stated  by  the  formula 


A*^A,,.A„.A^.ff. 


.(22). 


Bf  is  the  B  of  normal  co«ordinates,  at  the  "common  point'*  we  have  of  course  A^B\ 
Now  it  is  clear  from  the  definitions  of  A  and  jS  that  we  have 


-^=^»  •  dA,^'P^  .  dA,  +  P,,  .  dA, 
HA 


(23). 


Now  the  differentiation  may  be  performed  with  regard  to  n^,  or  n,,  or  n^;  take  for  example 
»p  then  by  substitution  from  the  group  of  formulae  (10)  we  easily  obtain  that 

\   dV_     \   dA         n„       f      dA,,  dA^ 

B  dn,        A  dp,  ^  24' .  A^ "  |""  du^      ^^*  dp,  J ' 


But  n„n„-22,.n„=4».A„ 

n„n„-22..n..=4VA,; 

hence  clearly  we  may  write  down  the  three  formulae, 

dR     dA 
dn 

dB^dA A^ 

dn^      dv^      2A^ 


dB^dA_  A^ 
dn,     dp,      2A, 


(24). 


The  reader  will  observe  that  the  three  symmetrical  laws  mentioned  at  close  of  section  in. 
hold  also  for  these  last  three  formuke.     I  now  proceed  to  the  fifth  section. 


V. 

{Connection  between  {K^y^  &c.,  (K^^  &c.,  (ic„)j  &c.} 

We    have    already  defined    {K^i)\  &c.   and    (^,1)1,  the   only  difference    between  them 
being    that    the    former    has    reference    to    normal    co-ordinates,    the    latter    to    general 
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curvilinear  co-ordinates.  It  remains  to  define  (/fjj  &c.  We  do  so  thus:  let  («Jj  &c.  be  the 
same  function  of  A,W,  2^2,2,,  n„n„n„,  and  A.  thai  {K'J,  &c  is  of  A,A^„  8,8,8„ 
P„P..P„,  andA 

Now  let  us  make  use  first  of  the  four  typical  formulae  (13)  (14)  (15)  and  (16), 
and  next  of  the  group  of  formulae  (21);  substituting  the  values  in  formulas  (2)  and  (3) 
we  easily  obtain  the  following  group  of  formulae : 


(K,X'^Aj.{K,X+~i.^l    1 


Aj'dnJ 


(ir„);=^Uj.(irj. 


(z;.),'=^.(irj. 


-"••-"••\ 


(p«. 


AJ  dn^dn^ 


(25). 


There  are  twelve  more  similar  formula. 


We  also  have  eighteen  formulse  connecting  C^^)/  &c.,  and  (/k„)j  &c.,  but  as  we 
shall  make  in  this  exercise  no  use  of  these  last  formulas  it  is  hardly  needful  to  write 
them  down.  Consider  now  for  a  moment  the  group  of  formulae  (25) ;  we  can  clearly 
deduce  from  them  the  following  two  important  equations: 

{(irj,«-  (iT'J..  (^'J.}  =  (^^^){(A'-J.'-  (iTJ. .  {KJ,} (26). 

{(KJ), .  {K^\  -  {K^\ .  {K^W  =  {A^ .  ^ jJ((irj.  (Z-J.  -  {K,X  •  {KJ^, 

Formula  26  shows  us  that  the  formula  ^  —  '^^-w  P^®  516,  "Exercise  the  third",  being 

proved  to  be  true  by  normal  co-ordinates  must  be  true  in  general,  and  formula  (27) 
enables  us  to  derive  last  example  given  in  "Exercise  the  third"  from  the  corresponding 
equation  proved  for  normal  co-ordinates.    I  now  proceed  with  the  sixth  section. 
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VL 


expressed  in  terms  of 


^1  _^i.  &c. 


d^u. 


In  order  to  make  our  formul»  as  conqise  as  possible  we   use  here  ^J  &c.,  in  place  of 

^Aii  &c.;  the  group  of  formute   (8)  however  give  us  the  former  niae  quantities  as  linear 
du^ 
functions  of  the  last  nine. 

WVite   for   conciseness  the  quantities  in  brackets  in  first  line  of   this  section   equal 
to  m '  and  m,  respectively.    It.  has  been  mentioned  in  the  previous  Exercises  that 

,  _  d^x     ^x     'd^      dV  .  ^  ^^ 

\dn^dnj       \dn^dnj       \dnjinj 

Hence  substituting  the  values  of  -^  &c.,  found  by  means  of  formulae  (11)  and  (12), 
we  easily  obtain  that 

~dnydn,dn,     dn*     ^"^-|    2    du,' ^  du^du,     2   rfa,') 
-(A  A  ^i^^"    -^'— M  J  ^i— "  — '- 

A  (J^\\r  f^-^  ^«-2  ^•-  -^"«  Vr?  r  ^'«  V 

~  ^"  UMw,/        "  WV  ■  d«,*       ^A,  ■  dn^dn^l     ^»  [dn^dnj 

We  now  mae  this  same  method  to  transform  the  ((.uantity 

1  L  cPS,      d^P„     d^P„     ^P.,] 

This  quantity  for  conciseness  we  shall  represent  by  the  letter  t^.   We  then  have,  as  already 
stated  in  "Exercise  the  second," 

,,_    d^x         JPx  cPy        d^y  d^z         dPz 

*  ""  drijdw,  *  dn^dn^     dn^%  dnjin^     dn^dn^  *  dn^dn^ ' 

^cPx     d'x    _  d'y     d^y    _d^z      d^z 
dnl  dn^dn^     dn^  dn^dn^     dn^  dn^dn^' 


.(28). 
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Now  make  use  of  formulse  (11)  and  (12).    We  easily  find  by  mere  substitution  that 

2(    dn^dn^      dn*      dn^dn^     dn^dnj 
k  equal  to 

2  [du^du^     du^     du^du^     du^ditj 

2        \dn^dn^   du^      dn^dn^\du^       du^      du^Jf 

{A,,Aj  f  d\    dC^    _^,   i^.i9n.i9^\\ 
2        (diijrfw,' dw,     dn^dn^\du^      du^      duj) 

2        {dn^\du^^  du^      duj\ 

"  {dn^dn^  \  du^      2  duJ     dn^dn^  \  du^      2  dujy 
^^  dn^dn^da^dn^       ^dn^dn^dn^dn^ 

" *  \d7i^dn^ dn^dn^      dn* '  dn^dnj 

^C      f  ^'"'      J\__^  _^X.1 ^ ,29). 

^ '  [dn^dn^ '  dn^dn^.    dn^ '  dn^dn^)  ' 

We  shall  now  conclude  this  Exercise  with  one  more  section;  and  as  a  partial  verifi- 
cation of  the  formulffi  we  hare  arrived  at,  it  shall  be  devoted  to  a  deduction  of  the 
Equations  of  Orthogonai  Curvilinear'  Co-ordinates  from  the  corresponding  formula  of  Normal 
Cihordinates. 


VIL 

{Passage  from  Normal  Co-ordinates  to  Orthogonal  Curvilinear  Co-ordinates.} 

A  system  of  Normal  Co-ordinates  it  is  clear  cannot  in  general  be  also  a  system  of 
Orthogonal  Co-ordinates;  that  is  to  say,  for  every  position  they  assume  in  space,  yet  one 
position  of  our  normal  co-ordinate  surfaces  can  clearly  be  always  made  orthogonal.  We 
assume  such  to  be  the  case,  and  shall  now  substitute  in  the  Equations  given  on  pages 
497  and  49S  of  Exercise  the  second  from*  formuke  10,  21,  24i.  28  and  29  of  this  Exercise. 
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First,  consider  the  formulse  on  top  of  page  497,  Exercise  the  second.  It  consists  of 
fonr  distinct  portions,  so  to  speak,  and  bearing  in  mind  that  for  orthogonal  co-ordinates 
we  must  have  22,  =  1,  22,  =  1,  22,  =  1,  11^  =  0,  II„  =  0,  n„  =  0,  ^  =  1,  a  little  considera- 
tion shows  that  the  last  three  of  these  portions  in  the  case  of  orthogonal  co-ordinates 
are  zero,  there  remains  therefore  only  the  first  line,  i.e.  \  transformed,  or  in  fact,  our 
Equation  29.    Let  us  write  then  in  Equation  29, 

C»  =  0,  C„  =  0,  C,,  =  0, 

dn^d.n~i\Aj'    du,  2.6'„     '   d«,  ' 

d\    _  (^n^J*     dG,, 

dn^dn,     2.(7,,     *   du,  ' 

d\   ^ {A„Aji  ^  dC„ 

dn^dn^ 2.(7,^      *    du^  ' 


dn^dn^     ^ -G^     '   du^ 

Now  substitute  these  values  in  equation  29,  multiply  by  2,  divide  by  A^^.  (^m--4»)*J 
we  then  obtain 

d^__i_d^dG,,_J_da^dC^__J^dG„dO^_ 
du,du,     20„  du,    du,      2C„  du,   du,      20„  du,    du,         ^^"^ ' 

and  this  is  the  same  as  the  second  equation  given  on  page  499  •"  Exercise  the  second." 

Lastly,  we  give  a  short  sketch  of  how  we  are  to  transform  the  equation  on  top 
of  page  498,  Exercise  the  second.  It  also  consists  of  four  portions  or  lines ;  the  firM 
line  gives  us,  by  aid  of  foi-mula  (28)  after  dividing  by  A^A^  and  multiplying  by  2, 

_^C^_d^,A_dG^dG^.l_d^  dO^ 
du^       du*^2C„   du,   du,  ■^2au    di*,    d«, 

26'„U",/      2(7„U»J  ^^' 

the  second  line,  that  is  to  say  A,  contributes  the  terms 

1          [dO..  dG„     dC^  dO^.dC^  dCJ 
16C,,C„C„\  du,   du,'^  du^    du^^  du,   duj  ^^^' 

the  third  line  it  is  easily  seen  by  aid  of  formula  (24)  can  contribute  no  terms. 


And  lastly,  by  aid  of  formula  (10)  it  is  easy  to  see  that  the  fourth  or  determinant 
portion  contributes  the  terms 


"•"lea 


J \dq^  dG^^dC„  dG„_^dG„  dGJ 

■nC^C^\du^   du^       du^    dtfj         du^    du^)     •.-.-.vt;- 
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Now    divide    (fi)    and    (7)    by  A^^^A^,  multiply    them   by  2,    add    them   to   (a),  and 
we   obtain 

:i  -7_  u      •     oyr        J-.      •     J.-      "r  a/i         J..      *    .7.. 


du*       du^       26'„  du^  '  du^      20^  du^  *  du^ 
2C,,[duJ      2G„\duJ 


1  dCfj^        ^C-^^^j ^gj^. 


2C'„    du,  •  dw, 
and  this  agrees  with  the  first  equation  of  page  499  "  Exercise  the  second." 

March,  1877. 
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IL     On  Bokzmann's  Theorem  on  the  average  distribution  of  energy  in  a  system 
of  material  points.    By  Professor  J.  Clekk  Maxwell, 


[R^d  May  6,  18780 


Dr  LUDWIG  BoLTZMANN,  in  his  "Studien  ttber  das  Gleichgewioht  der  lebendigen  Kraft 
zwischen  bewegten  materiellen  Punkten"  [Sitzb.  d.  k.  Akad.  Wien,  Bd.  LVilL,  8  Oct. 
1868],  has  devoted  his  third  section  to  the  general  solution  of  the  problem  of  the  equi- 
librium of  kinetic  energy  among  a  finite  number  of  material  points.  His  method  of 
treatment  is  ingenious,  and,  as  far  as  I  can  see,  satisflEu^iy,  but  I  think  that  a  problem 
of  such  primary  importance  in  molecular  science  ought  to  be  scrutinized  and  examined 
on  every  side,  so  that  as  many  persons  as  possible  may  be  enabled  to  follow  the  demon- 
stration, and  to  know  on  what  assumptions  it  rests.  This  is  more  especially  necessary 
when  the  assumptions  relate  to  the  degree  of  irregularity  to  be  expected  in  the  motion 
of  a  system  whose  motion  is  not  completely  known. 

Mr  H.  W.  Watson,  in  his  Treatise  on  the  Kinetic  Theory  of  Gases*,  has  developed 
with  great  clearness  the  steps  of  the  investigation  of  the  distribution  of  energy  among 
a  set  of  particles  which  are  supposed  to  act  on  each  other  only  at  very  small  distances. 
The  particles  may  be  acted  on  by  external  forces  such  as  gravity,  but  it  is  expressly 
stipulated  that  the  time  during  which  a  particle  is  encountering  other  particles  is  very 
small  compared  with  the  time  during  which  there  is  no  sensible  action  between  it  and 
other  particles;  and  also  that  the  time  during  which  a  particle  is  simultaneously  within 
the  distance  of  molecular  action  of  more  than  one  other  particle  may  be  neglected. 

Now  this  method  of  treating  the  question,  however  necessary  it  may  be  in  the 
subsequent  investigation  of  the  processes  of  diffusion,  &c.  in  gases,  is  inapplicable  to  the 
theory  of  the  equilibrium  of  temperature  in  liquids  and  solids,  for  in  these  bodies  the 
particles  are  never  free  from  the  action  of  neighbouring  particles.  It  is  true  that  in 
following  the  steps  of  the  investigation,  as  given  either  by  Boltzmann  or  by  Watson, 
it  is  difficult,  if  not  impossible,  to  see  where  the  stipulation  about  the  shortness  and 
tlie  isolation  of  the  encounters  is  made  use  of.  We  may  almost  say  that .  it  is  intro- 
duced rather  for  the  sake  of  enabling  the  reader  to  form   a  more  definite  mental  image 

•  Clarendon  Prett  Series,  1876. 
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of  the  material  system  than  as  a  condition  of  the  demonstration.  Be  this  as  it  may, 
the  presence  of  such  a  stipulation  in  the  enunciation  of  the  problem  cannot  fail  to  leave 
in  the  mind  of  the  reader  the  impression  of  a  corresponding  limitation  in  the  generality 
of  the  solution. 

In  the  theorem  of  Boltzmann  which  we  have  now  to  consider  there  is  no  such 
limitation.  The  material  points  may  act  on  each  other  at  all  distances,  and  according 
to  any  law  which  is  consistent  with  the  conservation  of  energy,  and  they  may  also  be 
acted  on  by  any  forces  external  to  the  system  provided  these  also  are  consistent  with 
that  law. 

The  only  assumption  which  is  necessary  for  the  direct  proof  is  that  the  system,  if 
left  to  itself  in  its  actual  state  of  motion,  will,  sooner  or  later,  pass  through  every 
phase  which  is  consistent  with  the  equation  of  energy. 

Now  it  is  manifest  that  there  are  cases  in  which  this  does  not  take  place.  The 
motion  of  a  system  not  acted  on  by  external  forces  satisfies  six  equations  besides  the 
equation  of  energy,  so  that  the  system  cannot  pass  through  those  phases,  which,  though 
they  satisfy  the  equation  of  energy,  do  not  also  satisfy  these  six  equations. 

Again,  there  may  be  particular  laws  of  force,  as  for  instance  that  according  to  which 
the  stress  between  two  particles  is  proportional  to  the  distance  between  them,  for  which 
the  whole  motion  repeats  itself  after  a  finite  time.  In  such  cases  a  particular  value  of 
one  variable  corresponds  to  a  particular  value  of  each  of  the  other  variables,  so  that 
phases  'formed  by  sets  of  values'  of  the  variables  which  do  not  correspond  cannot  occur, 
though  they  may  satisfy  the  seven  general  equations. 

But  if  we  suppose  that  the  material  particles,  or  some  of  them,  occasionally  encounter 
a  fixed  obstacle  such  as  the  sides  of  a  vessel  containing  the  particles,  then,  except  for 
special  forms  of  the  surface  of  this  obstacle,  each  encountei"  will  introduce  a  disturbance 
into  the  motion  of  the  system,  so  that  it  will  pass  from  one  undisturbed  path  into 
another.  The  two  paths  must  both  satisfy  the  equation  of  energy,  and  they  must  inter- 
sect each  other  in  the  phase  for  which  the  conditions  of  encounter  with  the  fixed 
obstacle  are  satisfied,  but  they  are  not  subject  to  the  equations  of  momentum.  It  is 
difficult  in  a  case  of  such  extreme  complexity  to  arrive  at  a  thoroughly  satisfactory  con- 
clusion, but  we  may  with  considerable  confidence  assert  that  except  for  particular  forms 
of  the  surface  of  the  fixed  obstacle,  the  system  will  sooner  or  later,  after  a  sufficient 
number  of  encounters,  pass  through  every  phase  consistent  with  the  equation  of  energy. 

I  shall  begin  with  the  case  in  which  the  system  is  supposed  to  be  contained  within 
a  fixed  vessel,  and  shall  afterwards  consider  the  case  of  a  free  system,  or  of  a  system 
contained  in  a  vessel  rotating  uniformly  about  an  axis  which  itself  moves  uniformly  in 
a  straight  line. 

I  have  found  it  convenient,  instead  of  considering  one  system  of  material  particles, 
to  consider  a  large  number  of  systems  similar  to  each  other  in  all  respects  except  in 
the  initial  circumstances  of  the  motion,  which  are  supposed  to  vary  from  system  to  system, 
the  total   energy  being  the  same  in  all.     In  the  statistical   investigation  of   the  motion, 
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we    confine    our  attention    to   the   numier   of  these   systems   which   at  a  given  time  are 
in  a  phase  such  that  the  variables  which  define  it  lie  within  given  limits. 

If  the  number  of  systems  which  are  in  a  given  phase  (defined  with  respect  to  con- 
figuration and  velocity)  does  not  vary  with  the  time,  the  distribution  of  the  systems  is 
said  to  be  steady. 

It  is  shown  that  if  the  distribution  is  steady,  a  certain  function  of  the  variables 
must  be  constant  for  all  phases  belonging  to  the  same  path.  If  the  path  passes  through 
all  phases  consistent  with  the  equation  of  energy,  this  function  must  be  constant 
for  all  such  phases.  If  however  there  are  phases  consistent  with  the  equation  of  energy, 
but  which  do  not  belong  to  the  same  path,  the  value  of  the  function  may  be  different 
for  such  phases. 

But  whether  we  are  able  or  not  to  prove  that  the  constancy  of  this  function  is 
a  necessary  condition  of  a  steady  distribution,  it  is  manifest  that  if  the  function  is  initially 
constant  for  all  phases  consistent  with  the  equation  of  energy,  it  will  remain  so  during 
the  motion.  This  therefore  is  one  solution,  if  not  the  only  solution,  of  the  problem  of 
a  steady  distribution. 

Now  we  know  from  the  empirical  laws  of  the  diffusion  of  heat  that  the  problem 
of  the  equilibrium  of  temperature  in  an  isolated  material  system  has  one  and  only  one 
solution.  But  we  have  found  one  solution  of  the  problem  of  equilibrium  of  energy  in 
a  system  of  material  points  in  motion.  If,  therefore,  the  real  material  system  in  which 
the  equilibrium  of  temperature  takes  place  is  capable  of  being  accurately  represented 
by  a  system  of  material  points  (as  defined  in  pure  dynamics)  acting  on  each  other  according 
to  determinate,  though  imknown,  laws,  then  the  mathematical  condition  of  the  equi- 
librium of  energy  must  be  the  dynamical  representative  of  the  physical  condition  of  the 
equality  of  temperature. 

It  appears  from  the  theorem  that  in  the  ultimate  state  of  the  system  the  average 
kinetic  energy  of  two  given  portions  of  the  system  must  be  in  the  ratio  of  the  number 
of  degrees  of  freedom  of  those  portions.  This,  therefore,  must  be  the  condition  of  the 
equality  of  temperature  of  the  two  portions  of  the  system. 

Hence  at  a  given  temperature  the  total  kinetic  energy  of  a  material  system  must 
be  the  product  of  the  number  of  degrees  of  freedom  of  that  system  into  a  constant 
which  is  the  same  for  all  substances  at  that  temperature,  being  in  fact  the  temperature 
on  the  thermodynamic  scale  multiplied  by  an  absolute  constant. 

If  the  temperature,  therefore,  is  raised  by  unity,  the  kinetic  energy  is  increased  by 
the  product  of  the  number  of  degrees  of  freedom  into  the  absolute  constant. 

The  observed  specific  heat  of  the  body,  expressed  in  dynamical  measure,  is  the  in- 
crement of  the  total  energy  when  the  temperature  is  increased  by  unity.  The  observed 
speci^c   heat   cannot   t^herefore   be   less   than    the   product   of  the    number  of  degrees  of 
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freedom    into   the   absolute  constanti  unless  the  potential  energy  diminishes  as  the  tem^ 
perature   rises. 


Dr/namicai  Specification  of  the  motion. 

We  shall  begin  by  supposing  the  material  system  to  be  of  the  most  general  type^ 
having  its  configuration  determined  by  the  n  variables  9i>  7f*9^«>  and  its  motion  deter<- 
mined  by  the  corresponding  momenta  p^,  p^»*>p^>  The  state  of  the  system  at  any  instant 
is  completely  defined  if  we  know  the  values  of  these  2n  variables  for  that  instant. 

We  shall  suppose  the  forces  acting  between  the  parts  of  the  system  to  be  of  tlie 
most  general  kind  consistent  with  the  conservation  of  energy.  This  may  be  expressed 
by  defining  V,  the  potential  energy  of  the  system,  as  a  function  of  j^.-y^,  the  variables 
which  define  the  configuration. 

The  kinetic  energy  of  the  system  is  denoted  by  2*.  We  ihall  suppose  it  to  be 
expressed  in  terms  of  the  q*8  and  p*s  as  in  Hamilton's  method.  The  total  energy  is 
denoted  by 

JS^V+T. .(1), 

and  is  a  cokistant  during  the  motion  of  the  system. 

Hamilton's  equations  of  motion  for  this  system  are 


dqr^dE 
dt      dp^ 


^(2), 


^r^_^ ^ ^ ^ ^ (8)^ 

dt         dq^ 

where  q,  and  p^  are  the  co-ordinate  and  the  momentum  corresponding  to  each  other. 

Let  us  now  consider  a  finite  motion  of  the  system.  Let  the  initial  co-ordinates  and 
momenta  be  distinguished  by  accented  letters,  and  the  final  co-ordinates  and  momenta 
by  the  same  letters  unaccented. 

To  define  completely  such  a  motion  requires  2n  +  l  variables  to  be  given.  These 
may  be  the  n  initial  co-ordinates^  the  n  initial  momenta,  and  the  time  occupied  by  the 
motion. 

There  is  another  method  however  in  which  the  2n  + 1  variables  ate  the  n  initial 
co-ordinates,  the  n  final  co-ordinates,  and  the  total  energy.  When  these  quantities  are 
given  there  are  in  general  only  a  finite  number  of  possible  motions. 
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Definition  of  the  "  Action  "  of  the  system  during  the  motion. 
Twice   the    time    integral   of  the    kinetic    energy,  taken   from  the  beginning   to  the 
end  of  the  motion^  and  expressed  in  terms  of  the   initial  and  final  co-ordinates  and  of 
the  total  energy,  is  called  the  "Action"  of  the  system  during  the  motion.    If  we  denote 
it  hy  A, 

AmJ2Tdt (4), 

and  is  expressed  as  a  function  of  ?/•••?/»  jZi •••?»>  cuid  K 
It  is  shewn  in  treatises  on  dynamics*  that 

dA 

^:" 

dA 

wr^' 

dpj  _       d'A   ^     dp^ 

The  indices  t  and  s  in  this  equation  may  be  the  same  or  different 

Also  if  t  and  t  site  the   values  of  the   time  at  the   beginning  and   at   the   end    of  the 


"-Pr 


and 


Hence 


.(5). 
.(6). 

(7). 


motion, 


dA 
d£^^' 


Hence 


...(8). 
.(10). 


iPr ^/QN    and    ^'—   * 

In  the  course  of  our  investigation  we  shall  have  to  compare  the  product  of  the 
differentials  of  the  co-ordinates  and  momenta  at  the  beginning  of  the  motion  with  the 
corresponding  product  at  the  end  of  the  motion.  We  shall  write  for  brevity  d8=^dq^...dq^ 
for  the  product  of  the  differentials  of  the  co-ordinates,  and  da^dp^...dpf^  for  the  product 
of  the  differentials  of  the  momenta,  and  we  shall  use  the  product  de'dsdE  as  a  middle 
term  in  comparing  de'da'dt  with  dsdtrdL 


Now 


where 

denotes  the  functional  determinant 


Mi^ii.i.'AiI!St{^ |t'*) ....(„), 


I' 


dq^dSj 
dE 


dq,' 


dpj 
dE 

d^ 
dE 


(12). 
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Substituting   for  the    elements    of  this   determinant   their    values    as   given    by    equations 
(7),  (9),  and  (10)  it  becomes 

dq; dqr       dq; 


dp, 

dq: 

dp, 
cLE 


dp^  dt 

-dqr  d^ 

d^  dt 

—  dE'  JE 


.(13). 


Now  the  rows  in  this  (letemunant  axe  the  same  aa  the  columoa  in  the  former  one; 
the  accented  and  unaccented  letters  being  exchanged  and  the  signs  of  all  the  elements 
chai!^ed.  We  may  therefore  express  the  relation  between  the  two  determinants  in  the 
abbreviated  form 

K.(dpi  d^   d£\_,y^<.(d^  dp.   di\  . 

Hence  d.WdC  .  ds'd,d£l^  ±  (^ ^^'  g) 

-i-rd,'dsdElt{^, ^,^) 

^dsdcrdt ,.., (15). 

If  we  suppose  the  time,  t^t\  to  be  given,  dt^db'  and 

(fo'd<7=  dada , (16), 

or  dg/ dj;  dp/ dp^  «  dq^ dq,  dp, dp (17). 

The  initial  state  of  the  system  is  a  function  of  2n  variables.  We  have  hitherto 
supposed  these  to  be  the  n  co-ordinates  and  the  n  momenta,  but  since  the  total  energy  E 
is  a  function  of  these  variables  we  may.  substitute  for  one  of  the  momenta,  say  p,\  its 
value  in  terms  of  the  n  co-ordinates,  the  n  —  1  remaining  momenta,  and  E,  and  thus 
express  every  quantity  we  have  to  deal  with  in  terms  of  the  latter  set  of  variables. 
Then  since  by  equation  (2) 


«.' 


dq: 


dE=.hL^ 

dfl      dt 


dq:  dp: dp:  -  dq: dq:  dp; dp:  ds  ^. 


Similarly  we  find  for  the  final  state  of  the  system 


dqt dqjp. 


dpn  »  dq, dqjp, dp,dE  -^ 


.(18). 
.(19). 

.(20). 
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The  left-hand  members  of  these  equations  have  been  proved  equals  and  in  the  right- 
hand  members  dE  is  the  same  at  the  beginning  and  end  of  the  motion.  Dividing  out  dE 
we  find 

dq,' dqjdp,' dp^  ^^^^dq, dq^dp, dp,  ^^ (21). 

This  equation  is  applicable  to  the  case  in  which  the  total  energy  id  supposed  not  to 
vary  from  one  particular  instance  of  the  motion  to  another,  and  in  which,  therefore,  the 
2n  variables  are  no  longer  independent,  but,  being  subject  to  the  equation  of  energy,  are 
reduced  to  2n-  1. 


Statisticcd  Specificatum. 

We  have  hitherto,  in  speaking  of  a  phase  of  the  motion  of  the  system,  supposed  it 
to  be  defined  by  the  values  of  the  n  co-ordinates  and  the  n  momenta.  We  shall  call  the 
phase  so  defined  the  phase  {pq).  We  shall  now  adopt  a  wider  definition  by  saying  that 
the  system  is  in  the  phase  (aj))  whenever  the  values  of  the  co-ordinates  are  such  that  q^ 
is  between  b^  and  b^  +  db^,  y,  between  6,  and  6, +  d6j,  and  so  on;  also  p^  between  a,  and 
a^  +  da^,  and  so  on.  The  limits  of  the  first  component  of  momentum,  p^,  are  not  specified, 
because  the  value  of  p^  is  not  independent  of  the  other  variables,  being  given  in  terms  of 
E  and  the  other  2n  —  1  variables  in  virtue  of  the  equation  of  energy. 

The  quantities  a,  b  are  of  the  same  kind  as  p  and  q  respectively,  only  they  are  not 
supposed  to  vary  on  account  of  the  motion  of  the  system.  In  the  statistical  method  of 
investigation,  we  do  not  follow  the  system  during  its  motion,  but  we  fix  our  attention  on  a 
particular  phase,  and  ascertain  whether  the  system  is  in  that  phase  or  not,  and  also  when 
it  enters  the  phase  and  when  it  leaves  it. 

Boltzmann  defines  the  probability  of  the  system  being  in  the  phase  (aj))  as  the  ratio 
of  the  aggregate  time  during  which  it  is  in  that  phase  to  the  whole  time  of  the  motion, 
the  whole  time  being  supposed  to  be  very  great.  I  prefer  to  suppose  that  there  are  a 
great  many  systems  the  properties  of  which  are  the  same,  and  that  each  of  these  is  set  in 
motion  with  a  different  set  of  values  for  the  n  co-ordinates  and  the  w  — 1  momenta,  the 
value  of  the  total  energy  E  being  the  same  in  all,  and  to  consider  the  number  of  these 
systems  which,  at  a  given  instant,  are  in  the  phase  {aj>).  The  motion  of  each  system  is  of 
course  independent  of  the  other  systems. 

Let  N  be  the  whole  number  of  systems,  and  let  the  number  of  these  which,  at  the 
time  t,  are  in  the  phase  (afi)  be  denoted  by  N{a^,  b,  t).  The  aim  of  the  statistical  method 
is  to  express  N{a^,  6,  i)  as  a  function  of  N,  of  the  co-ordinates  and  momenta  with  their 
limits,  and  of  t.  It  is  manifest  that  N  can  only  enter  the  function  as  a  factor,  for  the 
different  systems  do  not  act  on   each   other.     Also   any  differential  slb  da  or  db  can   only 
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enter  as  a  factor,  for  the  number  of  systems  within  any  phase  mast  vary  in  the  ratio  of 
the  interval  between  the  limits  of  that  phase.    We  may  therefore  write 

Kiafit)  =  Nfia„ a.,  6., K,t)da, da,db, db, (22), 

where  we  have  to  detenoine  the  form  of  the  functioii  /. 

We  shall  now  follow  the  motion  of  these  systems  from  the  time  t',  when  we  begin  to 
watch  the  motion,  to  the  time  t  when  we  cease  to  watch  it. 

Since  the  systems  which  at  the  time  t  form  the  group  N{a^^  b,  t)  are  individually 
the  same  systems  which  at  the  time  t'  formed  the  group  iV(a/,  6',  <'),  we  have 

N{a,,  6,  0  =  ^«,  b\  0 (23), 

or  Nf{a, t)da, dJb^^Nf{a; 0  ^<. dh^ (24), 

But  by  equation  (21) 

da, rfJ.(fej-«  =  <ia,' db:(\Y (2a). 

Hence  /(a. t)\=f{a; 0^'  =  ^^ (26), 

where  (7  is  a  constant  for  all  phases  of  the  same  motion,  and  we  may  write 

fifl. t)^C{hp (27), 

and  N{fl,,  6,  t)^NC(hX'da, db, (28). 

If  the  distribution  of  the  N  systems  in  the  different  phases  is  such  that  the  number 
in  a  given  phase  does  not  vary  with  the  time,  the  distribution  is  said  to  be  steady.  Tbe 
condition  of  this  is  that  C  must  be  conataut  for  all  phases  belonging  to  the  same  path.  It 
will  require  further  investigation  to  determine  whether  or  not  this  path  necessarily  includes 
ail  phases  consistent  with  the  equation  of  energy. 

If,  however,  we  assume  that  the  original  distribution  of  the  systems  according  to  the 
different  phases  is  such  that  C  is  constant  for  all  phases  consistent  with  the  equation  of 
energy,  a,nd  zero  for  all  phases  which  that  equation  shows  to  be  impossible,  then  the  law 
of  distribution  will  not  change  with  the  time,  and  0  will  be  an  absolute  constant 

We  have  therefore  found  one  solution  of  the  problem  of  finding  a  steady  distribution. 
Whether  there  may  be  other  solutions  remains  to  be  investigated. 

Let  N{b)  denote  the  number  of  systems  in  which  q^  is  between  b^  and  b^  +  db^, 
q^  between  6,  and  J,  +  di,,  and  so  on,  and  q^  between  b^  and  &  +  dft^,  the  momenta 
not  being  specified  otherwise  than  by  their  being  consistent  with  the  equation  of  energ}  i 

111  en 


N{h)^j  ...JNia„b)da,...da (ZD), 
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the  integration  being  extended  to  all  values  of  the  momenta  consistent  with  the  equation 
of  energy. 

To   simplify   the   integration    let   us    suppose    the   variables   transformed    so  that  the 
kinetic  energy  is  expressed  in  terms  of  the  squares  of  the  component  momenta, 

r=4(Mi«/  +  /^ta/  +  ...+A^.O (30), 

where  a,...a^  are  the  transformed  momenta^  and  /Et^.-.f^^  are  functions  of  the  co-ordinates, 
which  we  may  call  moments  of  mobility,  and  which,  in  the  case  of  material  points,  are 
the  reciprocals  of  the  masses. 

Now  let  us  assume 

ifi^A^^T^E-^V. (31), 

/^^i^->/^.W-0 (32), 

A*^^^"=A*«.i(4..,«-a..,«) (33), 


A*.^/  =  /ti,(il,«-a.«) (34). 

Then  by  the  equation  of  energy 

iiX^f'M:-^!) (35)- 

Of  these  quantities,  il,  is  a  function  of  the  oo-ordinatea  only,  because  E  is  given  and 
F  is  a  function  of  the  co-ordinates,  il^,  is  a  function  of  the  co-ordinates  and  o,,  A,^ 
of  the  co-ordinates  and  of  a.  and  a^^,  and  so  on. 


Also  by  equation  (2) 


I      AT 


To  integrate  the  expression 

we  begin  by  integrating  with  respect  to  a^,  thus 

jC{hyda,»jC(^,^,;i^(A:-a,^-ida, (37), 

the  limits  of  integration  being  ±  J^.    The  result  is 

^^^C(^,^;)-U: (38). 
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For  the  next  integration  we  have 

/0*.^J»ia.=/_\.M/-a.»r&.=  ?^^« ....(39). 

Hence  after  r  integrations,  r  being  any  number  less  than  n,  the  result  is 

(40). 


r-1 


^O^i-ff^(^,f^,...^x^J'Kf^r.^A^^']  '  da^.n...da^db,...db,. 


Putting  r  =  fi  — 1  and  remembering  that  ^^-4^*  =  2JF— 2F,  we  find 


.(41). 


i^(6)  =  J\ronilgI(;*,M.-..f*.)-*[2^-2F]"V-'^. 

This  is  the  number  of  systems  whose  configuration  is  specified  by  the  variables 
6,  ...6,,  while  the  momenta  may  have  any  values  consistent  with  the  equation  of  energy. 

The  quantity  JE?—  F,  which  occurs  in  this  equation,  is,  by  equation  (1),  equal  in 
magnitude  to  T,  the  kinetic  energy  of  the  system.  The  quantity  T,  however,  is  defined 
explicitly  in  terms  of  the  velocities  or  the  momenta  of  the  system,  whereas  E—  V  does 
not  involve  these  quantities  explicitly,  but  is  expressed  as  a  function  of  the  configura- 
tion. 

We  shall  find  it  convenient,  however,  especially  in  the  study  of  more  complicated 
problems,  to  remember  that  the  number  of  systems  in  a  given  configuration  is  a  function 
of  the  kinetic  energy  corresponding  to  that  configuration. 


If  the  kinetic  energy  is  not  expressed  as  a  sum  of  squares,  but  in  the  more  general 


form, 


r  =  i[ll]a,*+[12]a,a.  +  &c. 

+  i  [22]  a*  +  [23]a, a^  +  &c.. 


.(42), 


where  the  quantities  denoted  by  [11]  &c.  are  functions  of  the  co-ordinates,  which  we 
may  call  the  moments  and  products  of  mobility  of  the  system;  then  since  the  discrimi- 
nant 

[11].     [121 [1«] 

[21],     [22] [2n] 


A  = 


[nil    ["2], [nn] 


.(43) 


is  an  invariant,  its  value  is  the  same  when  T  is  reduced  to  a  sum  of  squares,  in 
which  case  all  the  elements  except  those  in  the  principal  diagonal  of  the  determinant 
vanish,  and  we  have 

^  =  MiM.-"M« (4*4), 
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and  we  may  write  the  value  of  iV(&), 

JV(6)=J^C'2IilllA-i  (2^- 2F)^  <»,...<», (45).. 


r 


© 


If  the  system  consists  of  n'  material  particles,  whose  masses  are  m, ...  ntn-,  then  the 
number  of  degrees  of  freedom  is  n  =  3»'  and 

A*i  "/*.  =  /*.  =  ♦»»"'»    M4  =  /*.  =  ^6  =•»»."*  and  so  on (46). 

Hence  in  this  case  we  may  write 

N{b)  «iV(g'^^jyr'  (m,...m^)*[2E-2V]~*~db,...db^ (47). 

These  expressions  give  the  number  of  systems  in  a  given  configuration  only  Mrhen 
jS^—  F  is  positive  for  that  configurcrtion,  for  since  the  kinetic  eneigy  is  necessarily  posi- 
tive, the  potential  energy  cannot  exceed  the  total  energy.  For  configurations  specified 
in  such  a  way  that  if  they  existed  V  would  be  greater  than  E,  the  value  of  If(b) 
is  zero. 

The  value  of  N{b)  is  also  zero  for  configurations  which,  though  they  make  V  less 
than  E,  cannot  be  reached  by  a  continuous  path  from  the  original  configuration  without 
passing  through  configurations  which  make  V  greater  than  E. 

We  shall  return  to  this  expression  for  the  number  of  systems  in  a  completely 
specified  configuration,  but  in  the  mean  time  it  will  be  useful  to  consider  how  many 
of  these  systems  have  one  of  their  momenta,  p^,  between  given  limits.  In  this  way 
we  shall  be  able  to  determine  completely  the  average  distribution  of  momentum  among 
the  variables  without  making  any  assumptions  about  the  nature  of  the  system  which 
might  limit  the  generality  of  our  results. 

In  order  to  find  the  number  of  systems  in  the  configuration  (b)  for  which  one  of 
the  momenta,  say  p^,  lies  between  a^  and  «„+rfa^,  we  must  stop  before  the  last  into- 
gration.    Putting  r  =  n  — 2  in  equation  (40) 

iv-(j.aj-iyrc.^liil^(^,...M..»)^G«^.^^.*)^'<fo.^^  (*8). 


r 


(^) 


The  whole  number   of  systems    in   configuration  (J)    is   given   by   (45).     Hence    the 
proportion  of  these  systems  for  which  a^  lies  between  a.  and  a»  +  da^  is 


»-s 


-^^J^-^-K-{1%.*^. ^^^^ 
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If  we  write 

i/*A*  =  *. (50). 

then   k^   denotes    the  part  of  the  kinetic  energy  arising  from  the  momentum  a«.      The 
proportion  of  the  systems  in  configuration  (b)  for  which  k^  is  between  k^  and  k^  +  dk^  is 


\       \E-v--^e^J_J  .x„  .... 


Since  any  one  of  the  variables  may  be  taken  for  q^y  the  law  of  distribution  of 
values  of  the  kinetic  energy  is  the  same  for  all  the  variables.  The  mean  value  of  the 
kinetic  energy  corresponding  to  any  variable  is 

JSr  =  -(^-F)  =  ir (52). 

The  maximum  value  is  T=nK (53), 

The  mean  value  of  Af  is 

«.«  +  2...n  +  2r-2"^ <^*)- 

When  n  is  very  large,  the  expression  (51)  approximates  to 

T^i'"^'* ^''^- 


Recapitvldtioiu 

The  result  of  our  investigation  may  therefore  be  stated  as  follows : 

(a)  We  begin  by  considering  a  set  of  material  systems  which  satisfy  the  general 
equations  of  dynamics  (2)  and  (3),  and  the  equation  of  energy  (1).  If  in  these  systems 
the  distribution  of  configurations  satisfies  equation  (45),  and  the  distribution  of  motion 
satisfies  equation  (51),  these  equations  will  continue  to  be  satisfied  during  the  subsequent 
motion  of  the  system.  One  result  of  equation  (51),  to  which  we  shall  have  to  refer,  is 
that  the  average  kinetic  energy  corresponding  to  any  one  of  the  variables  is  the  same  for 
every  one  of  the  variables  of  the  system. 

(/3)  We  now  turn  our  attention  to  a  system  of  real  bodies  enclosed  in  a  rigid  vessel 
impervious  to  matter  and  to  heat.  We  know  by  experiment  that  in  such  a  system 
the  temperature  cannot  remain  steady  in  every  part  unless  the  temperature  of  every  part 
of  the  system  is  the  same,  and  that  this  condition  is  necessary  in  whatever  manner  the 
configuration  of  the  system  may  be  varied  by  altering  the  position  and  mean  density  of 
the  portions  of  sensible  size  into  which  we  are  able  to  divide  it 


Digitized  by 


Google 


DISTRIBUTION  OF  ENERGY  IN  A  SYSTEM  OF  MATERIAL  POINTS.        559 

Now  if  the  system  of  real  bodies  is  a  material  system  which  satisfies  the  equations 
of  dynamics,  and  if  equations  (45)  and  (51)  are  also  satisfied,  the  condition  of  the  system 
will,  as  we  have  shewn,  (a),  be  steady  in  every  respect,  and  therefore  in  respect  of 
temperature.  Hence  by  (/3)  the  temperature  of  every  part  of  the  system  must  be  the 
same. 

Therefore  if  equations  (45)  and  (51)  are  satisfied,  the  condition  of  equality  of 
temperature  is  also  satisfied. 

But  the  condition  of  equality  of  temperature  does  not  depend  on  the  configuration  of 
the  system,  for  though  we  can  alter  the  configuration  by  external  constraint  we  cannot 
prevent  the  temperature  from  becoming  equalized.  It  does  not  depend,  therefore,  on 
equation  (45).  We  must  therefore  conclude,  that  if  equation  (51)  is  satisfied,  the  condition 
of  equality  of  temperature  is  also  satisfied,  or,  in  other  words,  that  equation  (51)  is  the 
condition  of  equality  of  temperature. 

Hence  when  two  parts  of  a  system  have  the  same  temperature,  the  average  kinetic 
energy  corresponding  to  any  one  of  the  variables  belonging  to  these  parts  must  be  the 
sama 

If  the  system  is  a  gas  or  a  mixture  of  gases  not  acted  on  by  external  forces,  the 
theorem  that  the  average  kinetic  energy  of  a  single  molecule  is  the  same  for  molecules 
of  different  gases  is  not  suiBScient  to  establish  the  condition  of  equilibrium  of  temperature 
between  gases  of  different  kinds  such  as  oxygen  and  nitrogen,  because  when  the  gases  are 
mixed  we  have  no  means  of  ascertaining  the  temperature  of  the  oxygen  or  of  the  nitrogen 
separately.  We  can  only  ascertain  the  temperature  of  the  mixture  by  putting  a  thermometer 
into  it. 

We  cannot  legitimately  assert  that  the  temperatures  of  the  oxygen  and  of  the  nitrogen 
must  be  equal  because  they  are  in  contact  with  each  other,  for  the  only  way  in  which  we 
can  conceive  the  oxygen  or  the  nitrogen  as  existing  in  the  mixture  is  by  picturing  the 
medium  as  a  system  of  molecules,  and  as  soon  as  we  begin  to  see  the  molecules  dis- 
tinctly, heat  becomes  resolved  into  motion. 

But  since  our  investigation  is  equally  applicable  to  a  system  of  any  kind,  provided 
only  it  satisfies  the  equations  of  dynamics,  we  may  suppose  it  to  consist  of  pure  oxygen 
and  pure  nitrogen  separated  by  a  solid  diaphragm,  the  solid  diaphragm  consisting  of 
molecules  capable  of  motion,  but  acting  on  each  other  with  forces  which  are  sufiScient  to 
prevent  any  molecule  from  getting  far  apart  from  its  neighbours  except  under  the  action 
of  disturbing  forces  greater  than  any  which  would  occur  in  a  system  at  the  given 
temperature.  In  this  system,  though  the  oxygen  and  the  nitrogen  cannot  mix,  each  caTi 
make  an  exchange  of  molecular  energy  with  the  surface  molecules  of  the  diaphragm,  and 
exchanges  of  energy  can  go  on  within  the  solid  diaphragm  itself  without  any  exchange  of 
molecules  between  distant  parts  of  the  diaphragm. 

Hence,  in  this  system,  the  average  kinetic  energy  of  a  molecule  of  oxygen  will  become 
equal  to  that  of  a  molecule  of  nitrogen  in   the   final   state   of  the   system,  that    is   to   say. 
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when  the  temperatures  of  all  parts  of  the  system  have  become  equal,  and  since  in  that 
final  state  we  have  pure  oxygen  on  one  side  and  pure  nitrogen  on  the  other,  we  can  verify 
the  equality  of  temperature  by  means  of  a  thermometer,  and  we  can  now  assert  that  the 
temperatures,  not  only  of  oxygen  and  nitrogen,  but  of  all  bodies,  are  equal  when  the 
average  kinetic  energy  of  a  single  molecule  of  each  of  these  substances  is  the  same. 


Approximate  value  of  iJie  probability  when  V  is  smaU  compared  toith  K 

To  find  the  number  of  systems  the  configuration  of  which  is  specified  as  regards  the 
limits  of  certain  of  the  variables  while  the  other  variables  are  left  undetermined,  we 
should  have  to  integrate  the  expressions  in  equations  (41),  (45),  or  (47)  with  respect  to 
each  of  the  undetermined  variables  in  succession,  the  integrations  being  extended  to  all 
values  of  these  variables  which  are  consistent  with  the  equation  of  energy. 

These  integrations  cannot  be  performed  unless  the  potential  energy  of  the  system  is  a 
known  function  of  the  variables  which  determine  its  configuration.  We  cannot  therefore 
in  general  continue  the.  integration  so  as  to  determine  the  number  of  systems  in  which 
the  limits  are  specified  for  some,  but  not  all,  of  the  variables. 

But  when  the  number  of  variables  is  very  great,  and  when  the  potential  energy  of 
the   specified  configuration  is  very  small  compared  with  the   total    energy    of  the   system, 

we  may  obtain  a  useful  approximation  to  the  value  of  [£—  F]  '  in  an  exponential  form, 
for  if  we  write,  as  in  equation  (53),       E—nK, 

n-%  n-2    i»-S|      /,       V_\ 

[E-V]  a   =js?  2   e  a  '"^y    nKf 

=  ^2   e'^^   (56), 

nearly,  provided  n  is  very  great  and  V  is  small  compared  with  E.  The  expression  is  no 
longer  approximate  when  V  is  nearly  as  great  as  E,  and  it  does  not  vanish,  as  it  ought 
to  do,  when  V=E, 

Hence  when  the  potential  energy  of  the  system  in  the  given  configuration  is  very 
small  compared  with  its  kinetic  energy,  we  may  use  the  approximately  correct  state- 
ment, that  the  number  of  systems  in  a  given  configuration  is  inversely  proportional  to 
the  exponential  function,  the  index  of  which  is  half  the  potential  energy  of  the  system 
in  the  given  configuration  divided  by  the  average  kinetic  energy  corresponding  to  each 
variable  of  the  system. 

If  we  divide  the  system  into  any  two  parts,  A  and  B,  we  may  consider  V,  the 
potential  energy  of  the  whole  system,  as  made  up  of  three  parts,  Vj^  and  Vjj,  the 
potential  energy  of  A  and  B,  each  on  itself,  and  TT,  that  of  B  with  respect  to  A, 
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When,  as  in  the  case  of  a  gas,  the  parts  of  the  system  are  in  a  great  degree  in- 
dependent of  each  other,  the  average  values  of  F^  and  Fjj  may  be  treated  as  constants, 
and  the  variations  of  V  will  be  the  same  as  those  of  TT,  so  that  the  variable  part  of 

the  exponential  function  will  be  reduced  to 

w 
e^ (57). 

K  we  suppose  that  A  denotes  a  single  molecule  of  a  particular  kind  of  gas,  and 
that  B  denotes  all  the  other  molecules,  of  whatever  kind,  in  the  system,  then,  since 
there  are  many  molecules  similar  to  A,  we  may  pass,  from  the  number  of  systems  in 
which  A  is  within  a  given  element  of  volume,  to  the  average  number  of  molecules 
similar  to  A  which  are  within  that  element,  or,  in  other  words,  the  average  density  of 
the  gas  A  within  that  element. 

We  may  therefore  interpret  the  expression  (57)  as  asserting  that  the  density  of  a  par- 
ticular kind  of  gas  at  a  given  point  is  inversely  proportional  to  the  exponential  function 
whose  index  is  half  the  potential  energy  of  a  single  molecule  of  the  gas  at  that  point, 
divided  by  the  average  kinetic  energy  corresponding  to  a  variable  of  the  system. 

We  must  remember  that  since  the  centre  of  mass  of  a  molecule  is  determined  by 
three  variables,  the  mean  kinetic  energy  of  agitation  of  the  centre  of  mass  of  a  mole- 
cule is  three  times  the  quantity  K  which  denotes  the  mean  kinetic  energy  of  a  single 
variable. 

Part  II.    A  Free  system. 

In    a    material    system    not    acted    on    by    external    forces  the    motion    satisfies    six 

equations  besides  the   equation  of  energy,  so  that  wb  must  not  include  in  our  integration 

all   the   phases   which  satisfy   the  equation   of  energy,  but   only  those   of  them  which  also 
satisfy  these  six  equations. 

In  what  follows,  we  shall  suppose  the  system  to  consist  of  n  particles,  whose  masses 
are  m^.,,m^y  and  whose  co-ordinates  x,  y,  z,  and  velocity-components  u,  v,  w,  are 
distinguished  by  the  same  suffix  as  the  particle  to  which  they  belong. 

Let  us  now  consider  a  system  consisting  of  s  of  these  particles,  and  write 

mj  +  m,-h&c.  +m,  =  if, (58), 

^iyi+«^tyi+&c+»».y.=-''^.^.'  [ (59), 

then  M,  will  be  the   mass  of  the   minor  system  and   X„    F,,   Z,  the   co-ordinates  of  its 
centre  of  mass.     If  we  also  write 

m,Wj  4-  &c.  +  m,  i*.  =  M,U,,  \ 

m^v, +  &c.-l-7n.t;,=  Jf.  F.,  I (60), 

m,w,  +  &c.  +  7??,  w,  ■=  M,  TF, ,  J 
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♦»,  (y.«'i  -  ^i^i)  +  &c  +  «i.  (y.w.  -  «.t;J  -  if.  +  Jf.  ( r.  TT.  -  Z.  V.).  ' 

m,{«,«,-aj,wJ+&c.  +  m.(«.«.-ar.«;J  =  (?.  +  Af.(Z.Z7.-2r.Tr.),  I (61), 

»».  («!".  -y.«J  +&c.  +  m,(a;.t>.-y.tt.)  =fl-.  + Jf.  (Z.F.-  F.I^,  , 

thea  Z7„  F^,  W,  will  be  the  yelocitj-components  of  the  centre  of  mass,  and  F,,  G,,  H,  the 
components  of  angular  momentum  round  this  point. 


We  shall  also  -write 

i  w,  {u*  +  v*  +  v>,*)  +  &c  +  4ot.  iu*  +  v*  +  v>,')  =  T, , 


.(62). 


The  seven  conditions  satisfied  by  the  whole  system  are  that  the  seven  quantities 
^>  ^>  ^>  ^nt  G„  H^  and  E  are  constant  during  the  motion. 

Under  these  conditions  the  3n  momentum-components  are  not  independent  We  shall 
therefore  transform  equation  (17)  into  one  in  which  the  differentials  of  the  first  seven 
velocity-components  are  replaced  by  the  differentials  of  the  seven  constants. 

The  functional  determinant  is  found  by  differentiating  the  seven  quantities  U,,  V,, 
W^,  F^,  G^,  H^  and  E  with  respect  to  the  momenta  mJab^,  ot,*^  m,w,;  *»,«,,  m,«,,  *»,»,; 
and  m^^.    We  thus  obtain 

0,        «..     -v..       «. 
—  «. 


1, 
0. 
0, 
1. 
0, 
0. 

1, 


0, 

1, 

0, 
0, 

1. 

0, 
0. 


0, 
0, 

1, 

0. 
0. 

1, 

0, 


0, 


0, 


•«> 


*1» 
0. 

-yt. 


-  z. 


y,. 

0, 


0. 


X. 


t> 


-X, 


■l» 


0. 


«..  -y. 


<* 


«. 


«. 


=  A 


.(63), 


which  we  may  write 
where 


« = (y. -y.)  («t  ~  «J  -  (y.  -  yJ  («,  - «.) 


.(64). 
.(65). 


or   twice   the  projection   on  the   plane    of  yz  of  the   triangle   whose   vertices   are  m^,  n?,, 


and  m^t   and 


^11  ^  12 


:(tt,-w^(a?,-a?J+(v,-t;J(y,-y,)  +  (t(;,-w,)(«,-^^  (66). 

or  the  rate  of  increase  of  the  distance  between  m^  and  m,  multiplied  into  that  distance. 

In  a  system  composed  of  material  particles^  each  component  of  momentum  is  equal  to 
the  corresponding  velocity-component  multiplied  into  the  mass  of  the  particle.  We  may 
therefore  write  Pi'^fn^u^  and  so  on^  and  since  the  masses  are  invariable  we  may  omit 
them  from  both  members  of  equation  (17)>  and  write  it 


A?/ ...  dzj du^' ...  dw^  =  dx^ ...  dz^du^  .,.dw^  , 


.(67). 


But 


dUdVdWdFdGdHdE^m^m;m^a'r'^f'^du;dv;dAv;du;dv;du>;du; 

^m^  m^  m^ar^T^du^ iw, (68). 
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Hence  ^/...^/cfo;'...  J«>;,  dr,.    &,dt>....rf«>,^  ^ 

and  equation  (29)  becomes 

N{b)^j^C{m,'m,'m^OLr^r^;j-'dv,...dtv (70). 

We  shall  find  it  useful  in  what  follows  to  define  the  energy  of  internal  motion  as 
the  excess  of  the  whole  kinetic  energy  of  the  system  over  that  which  it  would  have 
if  it  were  moving  like  a  rigid  body  with  the  same  configuration,  and  the  same  com- 
ponents of  momentum  and  of  angular  momentum. 

If  we  suppose  the  internal  motion  of  the  system  to  be  destroyed  in  a  very  short 
time  by  internal  forces,  so  that  the  configuration  is  not  sensibly  altered  during  the 
process,  then  the  work  done  by  the  system  against  these  forces  is  the  measure  of  the 
energy  of  internal  motion. 

Writing  T  for  the  kinetic  energy  referred  to  the  origin,  K  for  that  of  the  mass 
moving  with  the  velocity  of  the  centre  of  mass,  J  for  the  kinetic  energy  due  to  the 
rotation  of  the  system  as  a  rigid  body,  and  /  for  the  energy  of  internal  motion,  we 
have 

I=T--K^J (71), 


where 


JSr=iif(Z7«+F*+TF*) 


J^iiFp  +  Gq-^Hr) 


.(72), 
.(73), 
.(74), 


where    p,   q,  r  are    the    components    of   angular    velocity  with    respect    to    the    axes    of 
>t,  y,  z  and  are  related  to  F,  0,  H  by  the  equations 


where 


Ap^JUq-Mr^F, 
-Mp-'Lq+Cr  =ir, 

^  =  2m[(y-r)«  +  (^-.Z)«] 
£«2w[(«-Z)«  +  (aj-X)^] 
(7-2m[(a?-Z)'  +  (y-F)T 


aF-tiG-mH^p, 
-nF+bG  -IH  =gr, 
^mF-lG+cH  =r. 


Jf»2w(^--2^)(«--X) 
iV'=2m(a:-Z)(y-r) 


.(75), 


.(76). 


Writing  for  the  sake  of  brevity 


i)  = 


-N,     B,-L 
^M,-L,     C 


Vol.  XIL  Pabt  III, 


d  = 


a,  —n,  —m 
-n,     h,-l 
-m,  -I,     c 


...(77). 
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the   relations   between    the   moments   and   products  of  mobility  and  those  of  inertia  will 
be  given  by  equations  of  the  forms 

aD^BC-U  Ad^bc-F 

ID^-MN-AL,  Ld^'-mn-al,    >  (78). 

Dd^l. 


.(79), 


If  we  write 

fas  u  -^  U  +  qz  —ry 
rjss  V  —  F  ^rx'-pz 
(f  =  w  —  TT +jpy  —  ga? 

then  {,  97,  (f  will  be  the  velocity-components  of  a  particle  with  respect  to  axes  passing 
through  the  centre  of  mass  of  the  system  and  rotating  with  the  angular  velocity  whose 
components  are  p,  q,  r.  We  may  therefore  call  f,  17,  f  the  velocity*components  of  the 
internal  motion.  If  the  system  were  to  become  rigid,  the  internal  motion  would  become 
zero.    The  energy  of  internal  motion  may  be  expressed  in  terms  of  ^,  17,  ^,  thus : — 

I«2Jfn(P  +  i7«  +  n (80). 

We  have  now  to  express  the  energy  of  internal  motion  of  a  system  of  «— 1  particles, 
in  terms  of  the  quantities  U,  V,  TT,  jF,  G,  H  and  T  belonging  to  the  system  of  s 
particles,  together  with  the  position  and  velocity  of  the  s^  particle. 

To  avoid  the  repetition  of  suffixes  we  shall  distinguish  quantities  belonging  to  the 
minor  system  of  «  — 1  particles  by  accented  letters,  and  quantities  belonging  to  the  com- 
plete system  of  8  particles  and  the  particle  m^  by  unaccented  letters.    We  shall  also  write 

Mm 

We  thus  find  M"  =  M-  m 

M'T  =  MX-mx 
M'U'^MU-mu, 
r^F-lu{},-Y){w-W)-\-n{z'~Z){v-V) 

L'^L-iu{j,-Y){z~2) 

2" = r- it»  (tt* + t)P + «o 

ir  =  ir+ iM [(ir-tt)*+ (F-t;)»  +  (TF- «;)T~  i«i  («*+ «*  +  «;•). 

Since  the  choice  of  the  axes  of  reference  is  arbitrary,  we  may  simplify  the  expres- 
sions by  taking  for  origin  the  centre  of  mass  of  the  system  M,  and  for  the  axis  of  z 
the  line  passing  through  the  particle  m.  We  may  also  turn  the  axes  of  x  and  y 
about  that  of  z  till  A  becomes  a  maximum,  the  condition  of  which  is 


.(81). 


LM+CN^O. 
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We  shall  also  reckon  velocities  with  reference  to  the  centre  of  mass  of  the  system  M. 
With  these  simplifications  we  find 


ff'mB-iiz' 

M'mM 


b' 


b 


f  = 


r 


m 


1/      ^  to'     \ 

Z)'«=i)(l-a/*!*)(l-6/t/). 
We  are  now  able  to  caloulate  the  energy  of  rotation,  J",  of  the  minor  system: 

2J'  =  a'F'*  +  b'0'*  +  c'H^~2rGFH'-2m'H'F'-2n'F'0 (83), 


.(82). 


.(84). 


-  2J  +  ^_^    ,  [r'a/M*  -  2vnz  {Fa  -  Em)  +  iti^(Fa-  Em)'] 

*  ■*"  l-bii^  '^"**'^  ■*■  ^"'^(^ ~  ^+l»^\Gb- Etf\ 

Combining  these  results  and  reducing  we  fijid  for  the  energy  of  internal  motion  of 
the  system  M' 

/'»  /-  J/t(l  -  J/*0'*(«-  Ob  +  Et)*-\n{l  -  a/tzY  (»  -  Fa  +  El)* -^fM^..... (85). 

Hence    jjjl'hudvdw  = |g^    ^  Q* (1  -  a;«»)* (1  -  6/m*)*  /H"' (86), 

the  integration  being  extended  to  all  values  of  u,  v,  and  w  which  make  /'  positive. 
Now   (1  -  a/i^  (1  -  b/u^)  =  -^ ,  and  this  is  an  invariant. 
Hence  in  general,  whatever  axes  we  choose. 


ffr  X      «  (r(i))T(ii?)  ji. 


.(87). 


V    2   i 
For  the  system  consisting  of  the  two  particles  m,  and  m,  the  energy  of  rotation  is 


M. 


(88), 
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and  the  energy  of  internal,  motion  is 

I.-i'^y (89). 

Hence  we  may  write  equation  (70) 

N{b)^\'^''c{m,'m:m,a,T;r{^  ^^I;Uv,^  (90). 

We  have  first  to  express  J,  in  tenns  of  quantities  having  the  suffix  ,. 

If  we  make  the  plane  of  yz  pass  through  the  three  particles  m^,  m^,  m^,  so  that 
the  origin  coincides  with  their  centre  of  mass  and  has  the  same  velocity,  and  the 
axis  of  z  passes  through  m,,  then  a  is  twice  the  area  of  the  triangle  whose  vertices 
are  m^,  7\  and  m,, 

F,  =  F,  +  ^^^^^  G.  =  ff.-^«..«^  J3.  =  ir, (91), 

1  1 

«».«.=  fi',(y.-y,)+-s.  («.-«.) (92), 

(93)- 

We  have  now  to  integrate 

fjl,-idv,dv,^ 

extending  the  integration  to  all  values  of  v,  and  w,  which  make  /,  positive,  and 
remembering  that  equation  (92)  shows  that  u^  is  independent  of  v,  and  Wg.  The 
result  is 

//,-.*^..(rffi[i^-.^«.;^«.-]^. ,,, 

Now  for  the  three  particles  m^,  m,,  m,» 

A=-ngV-'[^«  »*.W3+r,/7w,7w,+r„«m,fiiJa' (95), 

where  r^  r^^  and  r„  are  the  distances  between'  the  particles,  and  a  is  the  area  of  the 
triangle  m^m^m^. 

M 

Also  ^«X*^8  +  ^31*  '^J^i  +  '•ii*»*i^j  =  ^  (^i^/ii*  +  -S's^s^s) »^ (96). 

We  may  now  write  equation  (90)  in  the  form 

j\r(a)=j''""'(7fil*[i««.«j^.'z>j-i/.irf«,...d«,. (97). 


Digitized  by 


y  Google 


DISTRIBUTION  OP  ENERGY  IN  A  SYSTEM  OF  MATERIAL  POINTS.  567 

Continuing  the  integration  by  equation  (87)  we  find 

N(J,)^2^*~-C    ^y^**"!  K...mJ->ilf.-»J),-t/,^' (»8). 

where  I^  in  what  we  have  defined  as  the  energy  of  internal  motion  of  the    system,  or 

the  work  which  the  system  would  do,  in  virtue  of    its    motion,  against    the    system  of 

internal  forces  which  would   be  called   into   play  if   the  distances   between    the  parts  of 
the  material  system  were  in  an  insensibly  small  time  to  become  invariable. 

In  order  to  determine  the  number  of  systems  in  a  given  configuration  for  which  the 
velocity-components  of  the  particle  m,  lie  between  the  limits  u  ±  ^rfw,  v  ±  Jrftr,  w  ±  ^w, 
we  must  form  the  expression  for  N{b,  u^,  v^,  wj  by  stopping  short  before  the  last 
triple  integration. 


We  thus  find 


S»-ll  rri/lMftr-*  9n~ll 


If,  as  in  equations  (82)  to  (86),  we  suppose  the  origin  of  co-ordinates  to  be  the 
centre  of  mass  of  the  whole  system,  the  axis  of  0  to  pass  through  the  particle  m^,  and 
the  axes  of  x  and  y  to  be  in  the  directions  of  the  principal  axes  of  the  section  of  the 
momental  ellipsoid  normal  to  z,  then  writing 

f  =  tt- j«,    i7  =  t?+p«,     C=ic (100), 

so  that  f ,  71,  f  are  the  velocity-^components  of  m^  relative  to  axes  moving  as  the  system 
would  do  if  it  were  then  to  become  rigid,  with  the  angular  velocity  whose  components 
are  p,  q,  r,  we  may  write 

Ci-^.-i^^a-^M^rr-iMa-^/^o-ij'-i/"* ....(loi). 

The  sum  of  the  last  three  terms  of  this  expression,  with  its  sign  taken  positive,  represents 
the  part  of  the  internal  motion  of  the  system  which  is  due  to  the  fact  that  the  particle 
m^  is  moving  with  the  relative  velocity  whose  components  are  f,  17,  ^. 

We  may  also  define  it  as  the  work  which  would  be  done  by  the  particle  m;  again^st 
the  internal  forces  of  the  system,  if  these  forces  wiere  suddenly  to  become  such  as  ti) 
render  the  whole  system  rigid  in  an  infinitely  short  time. 

Comparing  this  result  with  that  obtained  in  equation  (48),  we  see  that  the  Ia\V  of 
distribution  of  the  velocities  of  the  particle  m^  is  the  same  as  what  it  would  be  in  a 
fixed  vessel  containing  w  — 2  particles,  provided  that  we  substitute  for  tt\  t?*,  w'  the 
quantities  (1  — 6^*)"*^,  (1 -a/A«*)"*i7",  f  respectively* 

Hence  the  mean  square  of  the  velocity  in  the  direction  of  the  line  joining  the 
particle  with  the  centre  of  mass  is  the  same  at  all  points  of  the  system,   but  the  mean 
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square  of  the  velocity  in  other  directions  is  less  than  this  in  the  ratio  of  1— a/tfi*  to  1, 
where  z  is  the  perpendicular  from  the  centre  of  mass  on  the  line  of  relative  motion  of 
the  particle,  and  a  is  the  moment  of  mobility  of  the  system  about  an  axis  through  the 
(centre  of  mass  and  normal  to  the  plane  through  that  centre  and  the  line  of  motion. 

When  the  product  of  the  mass  of  the  particle .  into  the  square  of  its  distance  from 
the  centre  is  so  small  that  it  may  be  neglected  in  comparison  with  the  moments  of  inertia 
of  the  system,  then  quantities  like  ay^:?  and  hy^  may  be  neglected  in  respect  of  unity, 
and  we  may  assert  that  the  mean  square  of  the  relative  velocity,  for  a  particle  of  given 
mass,  is  the  same  in  all  directions  and  at  all  points  of  the  system;  but  that  for  different 
particles  it  varies  inversely  as  their  masses;  so  that  the  average  energy  of  motion  relative 
to  the  moving  axes  is  the  same  for  particles  of  all  kinds  throughout  the  system. 

We   have   already  learned   from  equation   (98)   thj^t  in   a  free    system    of    n    particles 

the   number  of  cases  in   which   the   system  is  in  a  given  configuratioi^,  or,  in  other  words, 

3n  — .  8 
the   probability   of    that  configuration,   is  proportional   to  the   — ^~~    pow^r  of    the  energy 

of  internal  motion  corresponding  to  that  configuration. 

We  have  next  to  consider  the  manner  in  which  this  probability  depends  on  the 
position  of  a  particular  particle,  aay  of  the  last  particle,  m^. 

Let  l^  denote  the  energy  of  internal  motion  of  the  complete  system  when  m^  is  at 
thie  centre  of  mass  of  the  system  and  is  without  any  velocity  relative  to  that  c^itre. 
It  is  manifest  that  in  this  case  m^  contributes  nothing  towi^s  the  energy  of  internal 
motion. 

Now  let  m^  be  carried  jGrom  the  centre  of  ms^  to  the  point  (Q,  0,  z)  and  left  there 
without  any  velocity  (that  is,  let  i^  =  v»ios5  0). 

Let  W  be  the  work  which  must  be  done  against  the  forces  of  the  system  to  effect 
this  transference,  then  since  the  total  energy  of  the  system  and  the  three  angular  momenta 
must  be  maintamed  constant,  we  slu^  have  after  this  displacement,  for  the  energy  of 
internal  motion  of  the  remaining  n  —  1  particles, 

^..,  =  A'"-T»'- (102). 

But  by  equation  (85) 

^«  «  ^-1  +  iM  (1  -  hius^-^Xu  ~  qzf  +  t/i  (1  -  a/*«*)'*  \y  +  J*^)"  +  iMU?«...,......(108). 

Substituting  the  value  of  /^^  from  equation  (102),  and  remembering  that  u  =  vsk^sO, 
we  find  for  the  energy  of  internal  motion  in  the  new  configuration 

/.«/.«- Tr+j/i(i-j^rY^+i/*(i-ciAiOpV (104). 

The   probability,  therefore,  of  a  configuration  in  which,  the  positions  of  all  the  other 

particles  being  given,  that  of  m,  is  varied,  is  proportional  to  I~t\  I^  being  given  by 
equation  (104). 
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When,  as  in  the  case  of  a  gas,  there  are  a  great  many  particles  similar  to  m^,  we 
may  speak  of  the  density  of  the'  medium  consisting  of  such  particles  in  the  element 
dxdydji.  In  this  case,  however,  for  reasons  already  given,  neglect  the  quantities  afkz* 
and  hfia^y  and  we  may  write  m  for  /i.  We  may  also  choose  our  axes  in  the  manner 
which  is  most  convenient.  We  shall  therefore  make  the  axis  of  »  that  round  which  the 
system,  if  it  were  rendered  rigid,  would  rotate  with  velocity  c0,  and  we  shall  suppose 
this  axis  to  be  vertical,  as  otherwise  a  steady  motion  under  the  action  of  gravity  could 
not  exist,  and  we  shall  denote  the  horizontal  distance  from  this  axis  by  r. 

We  may  now  write  for  the  density  of  the  gas  at  the  point  («,  r) 

p  =  p,[l  + (21.^0^  (7m»V-2inj72?)]'r' (105), 

where  p^  is  the  density  at  the  origin. 

When  n  is  a  very  large  number  and  when  the  second  term  of  the  binomial  is  very 
small  compared  with  unity,  we  may  write  for  this  the  exponential  expression 

P  =  Po«*  ^  • * 0^^)- 

If  m,  IS  the  mass  of  a  molecule  of  hydrogen,  /im^  will  be  the  mass  of  a  molecule 
of  the  kind  of  gas  considered,  where  /i  is  the  chemical  equivalent  of  the  gas. 

Also  if  7^  is  the  temperature  on  the  centigrade  scale,  and  a  the  coefficient  of  dilata- 
tion of  a  perfect  gas,  then  since  the  ''velocity  of  mean  square"  of  agitation  of  the 
molecules  of  hydrogen  at  0^  C.  is  1*844  x  10*  centimetres  per  second,  the  kinetic  energy  of 
agitation  of  a  system  containing  n  molecules  of  any  kind  will  be 

|Won(l-844)»10*^(l+ar), 
and  the  difference  between  this  and  the  energy  of  internal  motion  tnay  be  neglected. 
We  thus  fihd  for  the  density  at  any  point 

p^p^e^'ii^^'w^iX^^T) , (107). 

Let  us  now  consider  a  tube  of  uniform  section  placed  on  a  whirling  table  so  that 
one  end,  A,  of  the  tube  coincides  with  the  axis  while  the  other  end,  B,  revolves  about 
the  axis  with  the  angular  velocity  co.  The  linear  velocity  of  J3  is  6>r,  and  we  shall 
suppose,  for  the  sake  of  easy  calculation,  that  this  velocity  is  one-tenth  of  the  velocity 
of  agitation  of  the  molecules  of  hydrogen.  The  velocity  of  the  end  B  would  be  184-4 
metres  per  second.  If  the  tube  contains  hydrogen  at  O^C,  the  ratio  of  the  density  of 
the  gas  at  £  to  the  density  at  A  will  be  a'^,  or  approximately  1+^. 

If  it  contains  a  gas  whose  chemical  equivalent  is  fi,  the  ratio  will  be  1  +  -—^ . 
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If  the  tube  contains  hydrogen  and  carbonic  acid,  and  if  a  certain  volume  of  the 
tube  at  A  contains  200  parts  of  hydrogen  and  200  of  carbonic  acid,  then  an  equal 
volume  of  the  tube  at  B  will  contain  201  parts  of  hydrogen  and  222  parts  of  carbonic 
acid. 

The  time  during  which  the  experiment  would  require  to  be  continued  in  order  to 
obtain  a  given  degree  of  approximation  to  the  ultimate  distribution  of  the  mixed  gases 
varies  as  the  square  of  the  length  of  the  tube. 

Thus  in  Loschmidt's  experiments  on  the  diffusion  of  gases  he  used  a  tube  about 
a  metre  long,  and  continued  his  experiments  from  half  an  hour  to  an  hour  in  order  to 
obtain  the  results  from  which  he  could  b^st  deduce  the  coefficient  of  diffusion. 

In  these  experiments  the  inequalities  of  distribution  of  hydrogen  and  carbonic  acid 
were  reduced  to  less  than  a  third  part  of  their  original  value  in  half  an  hour,  and  if 
the  experiment  had  gone  on  for  two  hours  the  differences  from  the  ultimate  distribution 
would  have  been  reduced  to  a  hundredth  part  of  their  original  value. 

We  may  therefore  consider  two  hours  as  ample  time  for  an  experiment  on  the 
idtimate  distribution  of  these  two  gases  in  a  tube  one  metre  in  length. 

But  if  we  make  the  whirling  tube  20  centimetres  long,  the  differences  of  distribution 
from  the  ultimate  distribution  would  be  reduced  to  a  hundredth  part  of  their  original 
value  in  a  twenty-fifth  part  of  the  time,  that  is  to  say  in  4  minutes  48  seconds. 

If  it  were  found  more  convenient  to  have  bulbs  on  the  ends  of  the  tubes,  so  as 
to  be  able  to  secure  the  gas  at  each  end  before  it  got  mixed  up  by  the  violent  com- 
motion arising  from  the  stopping  of  the  whirling  tube,  we  should  have  to  allow  a  longer 
time  for  the  whirling. 

In  order  to  obtain  a  similar  distribution  of  th^  two  gases  in  a  vertical  tube  by  the 
action  of  gravity  the  tube  would  require  to  be  1720  metres  high,  and  in  order  to  obtain 
the  same  degree  of  approximation  to  the  ultimate  distribution  we  should  have  to  let  the 
experiment  go  on  for  675  years,  carefully  preserving  the  tube  during  that  time  from  all 
inequalities  of  temperature,  which,  by  causing  convection-curreuts,  would  coutinually  mix 
up  the  gasQS  and  prevent  their  psirtial  separatioi^ 
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Medium,  Vibratory  Motion  of:  March  16,  1847; 

vin.  508—523. 

Rods,  eee  Beams. 

Solids,  Motion  of:  Apr.  14,  1845;  vm.  287— 

319. 
Electric  Fluid,  Equilibrium  of  Fluids  analogous  to: 

Nov.  12,1832;  V.  I— 6a 
Electricity,  Origin  of:  Dec.  7, 1863;  xi.  6—20. 
Electro-Magnetism,  Development  of  by  Heat :  Apr.  28, 

1823;  n.  47—76. 
Elevation  of  Mountains  by  Lateral  Pressure :  Apr.  27, 

1868;  XL  489— 506. 
Elimination  between  Unknown  Quantities:  Nov.  26, 

1832;  V.  65—76. 
EUipsoid,  Centro-Sur&ce  of:  March  7,  1870;  xn.  319 

—365, 
EUiptsoids,  Exterior  and  Interior  attractions  of:  May  6, 

1833;  V.  395— 429. 
Endoamose  and  Exosmose,  Explanation  of:  March  17, 

1834;  V.  206— 229. 
Equality,  Sign  of:  May  16,  1864;  XL  146—189. 
Equation,  Algebraic,  Proof  of  a  root  in  every :  Dee.  7, 
1867;  X,  261— 270. 


Equation,  Algebraic,  Another  proof:  Dec.  6,  1868;  x. 
283—289. 

Ditto,         Supplement  to  this  memoir :  Dec 

12,1859;  X.  327— 330. 

-: relating  to  the  breaking  of  bridges :  May  21, 1849 ; 

vm.  707—735. 
to  a  Curve,  The  Intrinsic:  Feb.  12,  1849;  vm. 

659—671. 

Ditto,         Second  memoir:  IX.  160 — 160. 

General,  to  SurfEtoes  of  the  second  degree :  Nov.  12, 

1832;  V.  77—94. 

Integration  of  Partial  differential:  June  6,  1848; 

viiL  606—613. 
-^—  Machine  for  resolving  by  Inspection :  May  7, 1832 ; 

IV.  425—440. 
Equilibrium  of  the  Arch:  Dec.  9, 1833;  v.  293— 3ia 

of  Bodies  in  Contact :  May  15, 1837 ;  vl  463—491. 

Molecular:  March  26, 1838;  vn.  25 — 59. 

Erratic  Blocks,  Transport  of:  Apr.  29,  1844;   viu. 

220—240. 
Errors  of  Observation,  Theory  of:  Nov.  11,  1861;  x. 

409—427. 
Escapements,  Theory  of:  Nov.  26,  1826;  in.  106—128. 
Exponents,  Newton's  method  of:  May  21,  1865 ;  ix. 

608-627. 
Extinct  Laoertian  Reptile,  Traces  of:  April  11,  1842; 

vn.  356—369. 
Eye,  Change  in  the  State  of:  May  26, 1846;  vin.  361 

—362. 
Defect  in,  and  how  cured:  Feb.   21,  1826;  n. 

267—271. 
Further  observations  on:   Feb.   12,   1872;  xn. 

392,3. 

Fauna  and  Flora  of  Madeira :  Nov.  15, 1630 ;  iv.  1—70. 
Figure    assumed    by  a  Fluid    Homogeneous    Mass: 

March  16,  1824;  n.  203—216. 
Finite  Differences,  Resolution  of  Equations  in :  Nov.  16, 

1836;  VL  91— 106. 
Flora  of  Madeira,  Notes  and  Qleanmgs :  May  28, 1838 ; 

VI.  523—651. 
Fluid  Motion,  on:  March  21, 1836;  vl  203—233. 

Ditto,    On  some  cases  of :  May  29,  1843;  vm. 

105—137. 

Ditto,    Supplement  to  this  memoir:   Nov.  3, 

1846;  vm.  409— 414. 
Fluids,  Equilibrium  of  Certain:  Nov.   12,   1832;  v. 

1—63. 
General  Equations  of  the  motion  of,  &c.,  &c. : 

Feb.  22,  1830;  in.  383—416. 
Motion  of  Incompressible:  April  25,  1842;  vn. 

439—463. 

-  Theory  of  the  motion  of:  v.  173— 20a 

in  motion.  Internal  Friction  of:  Apr.  14,  1845; 

vra.  287—319. 
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Fluids,  Effect  on  Pendulums  of  Internal  Friction  of: 

Dec.  9, 1850;  ix.  [8—106.] 
Fluor  Spar,  Double  Crystals  of:  Nov.  26,  1821 ;  L  331 

—342. 
Focus  of  a  Conic  Section :  March  2, 1829 ;  m.  185— -190. 
Force,  Faraday's  Lines  of:  Dea  10,  1855,  Feb.  11, 1856 ; 

X.  27— 83. 

Forces,  Principles  of  the  Composition  of:  March  14, 

1859;  X.  290— 304. 
Fossil  remains  of  Beaver,  found  in  Cambridgeshire: 

March  6, 1820;  L  175—177. 
Shells,  New  Qenus  of:  Feb.  26,  1838;  vi.  415— 

422. 
Fresnel's  Wave  Surface,  Equation  to:  May  18,  1835; 

VL  85—89. 
Functional  Equations,  Reduction  o^  to  Equations  of 

Finite  Differences:  March  6, 1820;  L  77—87. 

Galvanism,  as  connected  with  Magnetism :  Apr.  2, 1821 ; 

L  269—279. 
Gas,  Hydrogen,  as  a  moving  Power  in  Mckchinery: 

Nov.  27, 1820 ;  L  217—239. 

on  Sounds  excited  in :  Apr.  2,  1821 ;  i.  267,  26a 

Gastric  Fluids,  Solvent  effect  of,  on  the  Stomach  after 

Death :  Dec.  11,  1820;  L  287—290. 
Geodesy,  Geometrical  Formulae  applicable  to :  Nov.  SO, 

1835;  VI.  107— 140. 
Geology,  Researches  in  Physical:  May  4,  1836;  vi, 

1—84. 
Geometry  and  Mechanics,  Symbolical :  March  15, 1847 ; 

VIII.  497—507. 
Substitution  o^  for  the  doctrine  of  Proportions : 

Dec.  7, 1857 ;  x.  166—172. 
Gipping,  Geology  of  the  Valley  of:  Feb.  27,  1854;  ix. 

431—444 
Glaciers,  Motion  of:  May  1,  1843;  viil.  50—74. 

Ditto,  Dec.  11,  1843;  vra.  159—169. 

Globe,  Relative  Quantities  of  Land  and  Water  on: 

Feb.  13, 1837;  vi.  289—300. 
Going-Fusee,  New  Construction  of:  March  2,  1840; 

vil.  217—225. 
Gravity,  Variation  of;  at  the  Earth's  Surface:  Apr.  23, 

1849;  vni.  672— 695. 
Great  Circle  Sailing:  May  10,  1858;  x.  271—282. 
Greek  Literature,  First  Ages  of  written :  Nov.  23,  1868 ; 

XI.  461— 48a 

Halley's  Comet,  Observations  of:  Dec.  11,  1837;  n. 

493—506. 
Heat,  see  Motion  of  Particles. 
Hegers  criticism  of  Newton:  May  21,  1849;  vin.  696 

—706. 
Homeric  Tumuli:  March  12, 1866;  xi.  267—276. 
Human    Monstrosity,    Case    of,    with    Commentary: 

May  16,  1831;  iv.  219—255. 


Hybrid  Digitalis,  Examination  of:  Nov.  14,  1831;  iv. 

257—278. 
Hydrodynamical  Theorem,  Investigation  of:  May  9, 

1842;  vn.  455— 464. 
Hj^drodynamics,    New    Fundamental    Equation    in: 

March  6,  1843 ;  vm.  31—43. 
Hyperbolic  Law  of  Elasticity:    March  11,  1850;  ix. 

[177—190.] 
Hypotheses,  Transformation  of:    May  19,   1851;  ix. 

[139—146.] 

Ideas,  Platonic  Theory  of:  Nov.  10, 1856;  x.  94r— i04. 
Iliad  and  Odyssey,  Late  date,  &c.,  &c.,  of:  Nov.  26, 

1866;  XL  360— 386. 
Induction,  Aristotle's  account  of:  Feb.  11,  1850;  ix. 

63—72. 
Infinite  Angle,  Sine  and  Cosine  of:  Dec.  9, 1844;  vm. 

255—268. 
Series,  Use  of  Discontinuous  Constants  in,  &c., 

&c.:  May  16,  1836;  vi.  185—193. 
Ditto,  General  Term  for  a  new  Class  of:  May  3, 

1824;  n.  217—225. 
Infinity,  On:  May  16,  1864;  xi.  145—189. 
Inscription,  Metrical  Latin,  from  Algeria:    Feb.   13, 

1860;  X.  374—408. 
Integral  Calculus,  On  some  points  of:  Feb.  24,  1851 ; 

IX.  [107—138], 
Integrals,  General  Properties  of  Definite :  May  24, 1830 ; 

m.  429—443, 
— ->  Inverse  method  of^  with  Applications :  March  5, 

1832;  IV.  353— 408. 
Internal  friction  of  fluids :  Apr.  14,  1845 ;  viii.  287— 

319. 
Involution,  Theory  of:  Feb.  22, 1864;  xi.  21—38. 
Involution  of  Cubic  Curves:  Feb.  22,  1864;  xi.  39—80. 

Jaws,  Growth  of:  Nov.  9,  1863;  XL  1—5. 

Knowledge  of  Body  and  Space:  March  11,  1850;  ix. 
157—165. 

Laminated  Pressure  of  Rock  Masses:  May  3,  1847; 

vra.  456—470. 
Land,  see  Globe. 
Laplace,  on  his  Theory  of  the  Attraction  of  Spheroids : 

May  8,  1826;  IL  379—390. 
Lapland,  Arc  of  the  Meridian  measured  in :  May  1, 

1871 ;  xn.  1—26. 
Larynx,  On  the  Mechanism  of:    May  18,  1829;  iv. 

323-^2. 
Latitude  of  Cambridge  Observatory:  Apr.  14,  1834; 

V.  271—281. 
Least  Squares,  Method  of:  March  4,  1844;  vm.  204— 

219. 
Ditto,        Ditto :  May  29,  1865 ;  xc  219—238. 

74—2 
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Lights    Nature    of,    from  the  Double    Refraction  of 
Quartz :  Feb.  21,  1831 ;  iv.  79—123. 

Nature  of,  from  the  Double  Refraction  of  Quartz : 

Apr.  18,  1831 ;  iv.  199—208. 

on  the  Dispersion  of:  Feb.  22, 1836 ;  VL  153—184. 

Transmission  o^  in  certain  Media :  Feb.  13, 1837 ; 

VI.  323—352. 

Ditto,  Supplement:  May  1,  1837;  vi. 

353—360. 

Intensity    of^    near   a    Caustic:    May   2,    1836, 

March  26,  1838;  VL  379—402. 

Ditto,     Supplement  to  this  memoir:  May  8, 

1848;  viiL  695—699. 

Reflection  and  Refraction  of,  &c. :  Dea  11,  1837 ; 

vii.  1—24, 

Ditto,       Supplement  to  this  memoir :  May  6, 

1839;  vn.  113—120. 

Propagation  o^  in  Crystallized  Media:  May  20, 

1839;  vn.  121— 140. 

Quantity  of,  &a,  absorbed  by  a  Grating  placed 

before  a  Lens:  March  30, 1840;  vn.  153— 17L 

Reflection  and    Refraction  of:    Nov.  28,   1842; 

vm.  7—26. 

Absorption  o^  &c.:  Feb.  14,  1843;  vm.  27—30. 

Transmission  through  Transparent  media:  May 

17,  1847 ;  VIIL  524—532. 

Polarized :  Dec.  8,  1851 ;  ix.  379—398. 

Lines  of  Force,  Faraday's :  Dec.  10, 1856,  Feb.  11, 1866; 

X.  27—83. 
Liquid  Substratum  of  the  Earth,  Theory  of :  Feb.  22,. 

1875;  XII.  434— 454. 
Lizard  district  of  Cornwall,   Physical  Structure  of: 

Apr.  2,  May  7,  1821 ;  L  291—330. 
Logic,  in  general:  Feb.  8,  1858;  x.  173—230. 

of  Relations:  Apr.  23, 1860;  x.  331—358. 

Symbols  of,  &a,  &c.:  Feb.  25,  1850;  ix.  79—127. 

Longitude  of  Cambridge  Observatory :  Nov.  24,  1828 ; 

m.  155—170. 

Dittos  Ditto^  May  16,  1854; 

IX.  487—514. 

Luminiferous  Ether,  Constitution  of:  March  18,  1839; 

viL  97—112. 
Luminous    Rays,    Theory  of:  March  11,  1846;  vm. 

363—378. 
Vibrations,  Theory  of;  Maich  6,  1848;  vnL  584 

—594. 
Waves,  Propagation  of:  April  25»  1842;  vii.  397 

—437. 

Machine  for  resolving  Equations:  May  7»  1832;  rv. 
425—440. 

Machinery,  Influence  of^  on  the  Wealth  of  a  Com- 
munity: May  14^  1838;  vi.  507—522. 

Madeira,  Fauna  and  Flora  of :  Nov.  15, 1830;  iv.  1—70. 

Fishes  of:  Nov.  10, 1834;  vi,  19^—201. 


Madeira,  Flora  o(  Notes  and  Gleanings :  May  28, 1838; 

VI.  523—651. 
Magnetic  Intensity,  observed  Variations  of:  1825;  n. 
445. 

Needles,  as  affected  by  Masses  of  Iron :  May  15, 

1820;  I.  147—173. 
Magnetism,  Connection  o^  with  Galvanism:  Apr.  2, 
1821 ;  L  269-^279. 

as  a  Measure  of  Electricity :  May  21,  1821 ;  i. 

281—286. 
evolved  by  a  single  Galvanic  Combination,  Ex- 
tract from  Memoir  on:  Nov.   25,  1822;  n. 
77—83. 
Magnitude  and  Direction,  Pure  Science  of:  May  12, 

1845;  vm.  278— 286. 
Material  points^  Energy  in  a  system  of :  May  6,  1878 ; 

xn.  547—570. 
Mathematical  Reasoning,  Influence  of  Signs  on :  Dec.  16, 

1821 ;  n.  325—377. 
Matter,  Demonstration  that  it  is  heavy :  Feb.  22, 1841 ; 
VIL  197—207. 

Remarks  on  the  Theory  of:  May  22,  1848;  viii. 

600—606. 
Mechanics  and  Geometry,  Connection  between :  Feb.  10, 

1845;  vm.  269— 277. 
Microscope,  Improvement  of:   March  22,  1830;   in^ 

421-^28. 
Mirrora  and  Object-Lenses,  Apparatus  for  Grinding  : 
Dec.  11,  1822;  n.  85—103. 

Use  of  Silvered  Glass  for:   Nov.  25,  1822;  ii. 

106—118. 
Molecular  Equilibrium:  March  26, 1838;  vn.  26 — 59. 
Monstrosity,  Human,  Case  of:  May  16,  1831 ;  rv.  219 
—255. 

of  the  Common  Mignionette :  May  21,  1832 ;  v. 

95—100. 
Motion  of  Fluids,  on  the :  Nov.  24, 1828 ;  m.  383—416. 

Ditto,        Ditto^  March  3,  1834;  v.  173—203. 

of  Fluids,  Differential  Equations  to:  April  11, 

1842;  vn.  371— 396. 

Incompressible:  April  25, 1842;  vn.  439 — 453. 

Truth  of  the  Laws  of:  Feb.  17,  1834;  v.  149— 

172, 

of  Particles,  as  affecting  Sound  and  Heat :  Mij  16, 

1836;  VI.  235— 288. 

of  Waves  in  a  small  Canal:  May  15,  1837;  vl 

457—462. 

of  Waves  in  Canals :  Feb.  18, 1839 ;  vn.  87—95. 

Motive  Power,  Hydrogen  Gas  as  a:  Nov.  87,  1820; 

I.  217—239. 
Mountains,  Elevation  ci,  by  Lateral  Pressure :  Apr.  87» 
1868;  XL  48^—506. 

Second  memoir:  Feb.  22, 1875;  xn.  434—454. 

Music  in  Education,  place  of^  aoo(M;diDg  to  Aristotle : 
May  17|  1875;  xn.  523—530. 
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Natron,  remarkable  deposit  of:  Nov.  27,  1820;  i.  193 

—201. 
Natterjack,  Habits  and  Character  of:  Feb.  22,  1830; 

IIL  373—381. 
Neptune,  iee  Uranus. 
Neutral  Series,  Theory  relating  to:  May  16,  1864;  XL 

190-202. 
Ditto,     Note  on  this  paper:  Oct  26, 1868;  XL 

447_-460. 
Newton's  method  of  Co-ordinated  Exponents :  May  21, 

1865;  IX.  608— 627. 
Experiments  on  Diffiraction:   May  7|  1833;  r. 

101—111. 
Principia,  Criticism  of:  May  21,  1349;  vm.  696 

—706. 
^—  Bings,  Remarkable  change  in:   Nov.  14,  1831; 

lY.  279—288. 
On  some  Phenomena  of:  March  19,  1832; 

IV.  409-424. 

Central  spot  of:  Dec.  11,  1848;  vm.  642 


—658. 

iS^HegeL 

Non-Besidence  of  Landlords,  Influence  of:  March  16, 

1840;  vn.  189—196. 
Notation  employed  in  the  Calculus  of  Functions :  May  1, 

1820;  L  6a— 76. 

Algebraic:  Nov.  12, 1827;  m.  65—108. 

to  designate  the  Planes  of  Crystals:  Feb.  11, 

1826;  IL  427—439. 
a  New,  in  Geometry,  &a,  &a:  Nov.  23,  1846; 

viiL415--42a 
Numbers,  Partition  of:  March  1,  1847;  vm.  471—492. 

Object-Glass  with  circular   aperture,  Diffraction  in: 

Nov.  24, 1834;  v.  283—291. 
with  triangular  aperture,  Diffiraction  in :  Dec.  12, 

1836;  VL  431— 442. 
Achromatic,  Correction  for:  Apr.  30,  1838;  VL 

553—564. 
Observatory  at  Cambridge,  Longitude  of:   Nov.  24^ 

1828;  ra.  155—170. 
Ditto,  Latitude  of:  Apr.  14, 1834; 

V.  271—281. 
^  Ditto,  Longitude  o^  by  Qalvanic 

Signals:  May  15, 1854;  ix.  487—514. 
Odyssey,  tee  Iliad. 
Onymatic  System,  on  various  points  of:  May  4, 1863; 

X.  428— 487. 
Optical  Elasticity,  Axes  of  in  certain  Crystals :  Dea  8, 

1834;  V.  431— 438. 
— ^   Ditto,  Ditto,  (second  memoir} :  March  21, 

1836;  vn.  209— 215. 
Orbits  of  great  Excentridty,  Position  of  their  Apsides : 

Apr.  17, 1820;  i.  179— 19L 
Ordnance,  Strains  upon:  Apr.  18, 1864;  XL  324—359. 


Ornithology  of  Cambridgeshire:    Nov.  28,  1825;  ii. 

287—324. 
Oscillations,  on  small  Finite:  May  15,  1843;  vm.  89 

—104. 
—^  of  a  suspension  Chain:  Dec.  8,  1851;  ix.  379— 

Oscillatory  Waves,  Theory  of:  March  1,  1847;  vm. 
441—455. 

Parallelogram  of  Forces:  New  Demonstration  of:  Apr. 

14,1823;  IL45— 46. 
Partial  differential  Equations,  Method  of  integrating : 

Jime  5,  1848;  vm.  606—613. 
Pendulum,  Correction  o(  by  a  Ball  suspended  by  a 

wire :  Nov.  16, 1829 ;  in.  355—360. 
Pendulums,  Disturbances  of:  Nov.  26, 1826;  m.  105— 

128. 
Effect  of  Internal  Friction  on:  Dec.  9, 1850;  ix. 

[8—106.] 
Percussion,  Experiments  on :  1825 ;  IL  444. 
Periodic  Series,  Critical  Values  of:  Dec.  6, 1847;  vm. 

533—583. 
Perpetual  Motion,  How  possible:  Dec.  14,  1829;  iii. 

369—372. 
Perspective,  Isometrical:  Feb.  21,  Mar.  6,  1820;'  i. 

1—19. 
Philosophy,  Fundamental  Antithesis  of:  Feb.  5, 1844; 

vm.  170—181. 

Second  memoir:  Nov.  13,  1848;  vm.  614—620. 

Phosphate  of  Copper  from  the  Rhine :  March  5, 1821 ; 

L  203—207. 
Physical  Geology,  Researches  in:  May  4,  1835;  vl 

1—64. 
Piscidium,  see  Cydas. 
Piscium  Maderensium  Species,  &c.,  &c :  Nov.  10,  1834 ; 

VI.  195—201. 
Planets,  see  EartL 
Plato's  Survey  of  the  Sciences:  Apr.  23,  1855;  ix. 

582—589. 

Notion  of  Dialectic :  May  7, 1855 ;  ix.  590—597. 

— —  Ditto,  of  the  Intellectual  Powers:  Nov.  12, 1855; 

IX.  598— 604. 

Genuineness  of  the  Sophista  of:  Nov.  23,  1857 ; 

X.  146—165. 

Cosmical  system:  Feb.  28, 1859;  x.  306—316. 

Platonic  Theory  of  Ideas:  Nov.  10, 1856;  x.  94—104. 
Plumbago^  on  the  artificial  formation  of:  Feb.  21, 1825 ; 

n.  441— 44a 
Polarity,  Organic :  March  8, 1858 ;  x.  248—260. 
Pohirization,  Use  of  a  new  Analyser  in :  March  5,  1832 ; 

IV.  3ia-322. 
Polarised  Light,  Certain  effects  in  Crystals  exposed  to : 

May  1, 1820;  i.  21—41. 
— ^     Ditto^        as  affected  by  Rotation:   Apr.  17, 

1820;  I.4a-52. 
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Polarized  Light,  Composition  and  Resolution  of: 
Feb.  16,  March  15,  1852;  ix.  399—416. 

Political  Economy,  Mathenuttical  discussion  of:  March 
2,  14,1829;  m.  191—230. 


Ditto, 
memoir : 
198. 

Ditto, 
memoir : 

Ditto, 


as  expounded  by  Ricardo.    First 
Apr.  18,  May  2,  1831;   iv.  155— 


Mathematical  Theory  of^  Second 
Apr.  15,  1850;  ix.  128—149. 
Ditto,       Third  memoir:   Nov.   11, 

1850;  IX.  [1—7.] 
Potassium,  Apparatus  for  procuring :  Nov.  26,  1821 ; 

I.  343—345. 
Pressure  on  a  flat  Plate  opposed  to  a  Stream  of  Air : 

Apr.  21, 1828;  in.  129—140. 
Primitive  Ridge  of  Devonshire  and  Cornwall :  March  20, 

1820;  L  89— 146: 
Probabilities,  Question  in  the  Theory  of :  Feb.  26, 1837 ; 

VL  423—430. 

Foundation  of  Ditto:  Feb.  14,  1842;  vm.  1—6. 

Fimdamental  principle  of  the  Theory  of:  Nov.  13^ 

1854;  IX.  605— 607. 
Proportions,  tee  Geometry. 
Propositions  nimierically   definite:    March  16,   1868; 

XL  396—411. 
Piurbeck  Strata  of  Dorsetshire:   Nov.   13,   1854;  ix. 

555—581. 

Quartz,  Nature  of  the  Light  produced  by:  Feb.  21, 

1831 ;  IV.  79—123. 
Ditto,  Ditto,  Ditto,  Apr.  18, 

1831;  IV.  199—208. 

Railway  Accidents,  Causes  of  Fatal,  &c. :  Nov.  29, 1841 ; 

vn.  301—317. 
Railway  Bridges,  Equation  relating  to  their  breaking : 

May  21,  1849;  vin.  707—735. 
Rainbow,    Problem    o^    Mathematically    considered: 

Dec.  14,  1835;  vi.  141—152. 
Rainbows,  Spurious:  March  22,  1841;  vii.  277—286. 
Reed  Organ  Pipes:  Nov.  24,  1828,  March  16,  1829 

UL  231—262. 
Reflection  and  Refraction  of  Light:   Dec.  11,  1837 
vn.  1—24. 

Supplement   to   this   memoir:    May   6,    1839 

vn.  113—140. 

Ditto,         Ditto,  &C.:    Nov.  28,  1842 

vm.  7—26. 
Refractiouj  Theory  of  Double:  May  17,  1847;  vin. 

524—532. 
Ricardo,  see  Political  Economy. 
Rock  Masses,  Internal  pressure  of:  May  3,  1847;  vin. 

456—470. 
Rocks,  Weathering  of:  March  2,  1868;  XL  387—395.  ' 
Root  of  any  Function :  May  7j  1866;  XL  239—266. 


Root-limitation,  Cauch/s  Theorems  of:  Feb.  16, 1874; 

xiL  395 — 414. 
Rotatory  Motion  of  Bodies:  May  6,  1822;  n.  11—20. 

Secular  Cooling  of  the  Earth:  Dec,  1,  1873;  xn.  414 

—433. 
Series,  on  Divergent:  March  4, 1844;  vm.  182—203. 

Critical  Value  of  Periodic:  Deo.  6,  1847;  viiL 

53a— 58a 
Numerical  calculation  of  Infinite :  March  11, 1850 ; 

IX.  166—187. 

Self-repeating:  May  15, 1854;  ix.  471—486. 

Theorem  on  Neutral :  May  16, 1864 ;  XL  190—202. 

Ditto,  Part  IL:  May  7,  1866;  xl  239—266. 

Note  on  Ditto:  Oct  26,  1868;  xi.  447— 460. 

Sextic  Torse,  On  a  certain:  Nov.  8,  1869;  XL  507— 

523. 
Shells,  Occurrence  o^  in  Qravel:  Apr.  30,  1838;  vm. 

138—140. 
Signs,  Influence  o^  in  Mathematical  Reasoning :  Dea  16^ 

1821 ;  IL  325—377. 
+  and  -,  Early  History  of:  Nov.  28,  1864;  XL 

203—212. 

Note  on  this  Memoir :  Feb.  13, 1865 ;  XL  213—218. 

Skew  Surfaces^  or  Scrolls :  Nov.  11, 1867 ;  xl  277—289. 
Slags,  Crystals  found  in :  March  22, 1830 ;  m.  417—420. 
Solid  Bodies,  Vibrations  of:  Apr.  18, 1864 ;  xl  324—359^ 
Solitary  Waves,  Matheioatical  Theory  of:  Deo.  8, 1845 ; 

viiL  326—341. 
Solon,  Statue  of:  Feb.  22,  1858;  x.  231—239. 
Sound,  Experiments  on  the  Velocity  of:  Dec.  8,  1823; 

IL  119—137. 

see  Motion  of  Particles. 

Reflection  and  Refraction   of:    Dec.   11,  1837; 

VL  403--,413. 
Spar-Fluor,  Double  Crystals  of:    Nov.   26,   1821;   L 

331—342. 
Spermaceti  Whale,  account  of:   May  16,   1825;    n. 

253—266. 
Sphere^  Motions  of^  acted  on  by  Vibrations  of  an  Elastic 

Medium:  April  26,  1841 ;  vn.  333—353. 
Spherical  Aberration  in  Eye-pieces  of  Telescopes :  May 

14,21,  1827;  in.  1—63. 
Spheroids  differing  little  from  a  Sphere^  on  Laplaoe's 

Theory  of:  May  8,  1826;  IL  379—390. 
Squares,  Method  of  Least:  March  4,  1844;  vm.  204 

—219. 

Ditto,      Ditto    :  May  29, 1865 ;  xl  219—238. 

Suffolk,  eee  Gipping. 

Surfaces  of  the  second  degree.  Equation  to :  Nov.  12, 
1832;  V.  77— 94. 

Transformation  o^  by  Bending :  March  13,  1854 ; 

IX.  445--470. 
Suspension  Chain,  Oscillations  of:  Dec.  8,  1851;  ix. 
379—398. 
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Swiiserland,  Tertiary  FormatioDs  of:  Maj  20,  1839 

vn.  14^-152. 
Syllogianiy  Theory  of  the  structure  of:  Nov.  9,  1846 

vin.  379 — 408. 


Pt.  XL:  FeU  25,  1850 
Pt  III.:  Feb.  8,  1858 
Pt  IV.:  Apr.  23,  1860 
Pt  v.:    May  4,  1863 


Ditto,        Ditto, 

IX.  79—127. 

Ditto,        Ditto, 

X.  173—230. 

Ditto^        Ditto, 

X.  331—858. 

Ditto,        Ditto, 

X.  428— 487. 

Symbolical  Geometry  and  Mechanics :  March  15, 1847 
vin.  497—507. 

Tertiary  Formations  of  Switzerland:   May  20,  1839; 

vn.  141—152. 
Testimony,  Measure  of  Force  of:  Nov.  27, 1843;  viil 

14a-158. 
Theory  of  Probabilities,  Question  in :  Feb.  26,  1837 ; 

VI.  423— 430. 
Topaz,  see  Brazilian  Topaz. 
Transcendental  Equations,  Machine  for  resolving :  May  7, 

1832;  IV.  426— 440. 
Trap  Dykes  in  Yorkshire  and  Durham :  May  20, 1822 ; 

n.  21-44. 
Bocks,  as  associated  with  Mountain  Limestone : 

May  12,  1823:  March  1,  15,  1824;  n.  139— 

195. 
Trinomial,  Besolution  of  a  certain :  Nov.  9,  1868 ;  XI. 

426—443. 
Note  on  this  memoir:  Nov.  23,  1868;  XL  444, 

445. 
Trireme,  Structure  of  the  Athenian:  Nov.  6,  1856; 

X.  84—93. 
Tumuli,  Homeric :  March  12,  1866 ;  XL  267 — ^276. 

Undulations,  Theory  of,  applied  to  Luminous  Waves : 

May  25, 1846;  vhl  371— 37a 
Univalve,   Belations  o^  to   the  Bivalve,  and  to  the 

Brachiopod :  Feb.  8, 1869 ;  XL  485—488. 
Uranus  and  Neptune,  Long  Inequality  of:  1852;  ix. 

Appendix, 
Ureters,  Dilatation  of:  Nov.  12, 1821 ;  l  351—358. 


Velocities,  &a,  referred  to  Moveable  Axes:  Feb.  25, 

1856;  X.  1—20. 
Velocity  of  Sound,  Experiments  on:  Dea  8,  1823;  IL 

119—137. 
Vibrations  in  Cylindrical  Tubes:   May  20,  1833;  v. 

231—270. 

—  Theory  of  Luminous :  March  6,  1848;  vnL  584— 

594. 

of  Solid  Bodies:  Apr.  18, 1864;  XL  324—359. 

Vibratory  Motion  of  Elastic  Medium :  March  15, 1847 ; 

vra.  508—523. 
Virtual  Velocities,  Demonstration  of  their  principle: 

March  21, 1825 ;  n.  273—276. 
Vision,  Peculiar  defect  in :  Nov.  9, 1846,  May  17, 1847 ; 

vm.  493 — 496. 
Voluntary  Muscles,  Abnormities  in :  March  8, 1858 ;  x. 

240—247. 
Vowel  Sounds,  On  the :  Nov.  24, 1828,  March  16, 1829 ; 

IIL  231—268. 

Water,  Ciystallization  of:  March  5, 1821 ;  L  209—215. 

see  Globe. 

Wave  Surface,  Equation  to  Fresnel's :  May  18,  1835 ; 

VL85— 89. 
Waves,  Motion  of^  in  a  small  Variable  Canal :  May  15, 

1837 ;  VL  457—462. 

in  Canals,  Motion  of:  Feb.  18, 1839;  vn.  87—95. 

Theory  of  the  two  great  Solitary:  Dec.  8,  1845 ; 

vra.  326-341. 
Wealth  of  a  Community,  Influence  of  Machinery  on : 

May  14, 1838;  VL  507—522. 

Ditto,  Effect  of  Non-Besidence  of 

Landlords  on:  March  16, 1840;  vn.  189—196. 

Weathering  of  Bocks:  March  2, 1868;  XL  387—395. 
Wheels,  On  the  Forms  of  the  Teeth  of:  May  2,  1825 ; 

IL  277—286. 
Wiener,  see  Cubic  Surface. 
Winter  Solstice,  Ancient  Observation  of:  Nov.  30, 1829 ; 

in.  361— 363. 
Written  Greek  Literature,  First  Age  of:  Nov.  23, 1868 ; 

XL  461—480. 

Yorkshire  and  Durham,  Trap  Dykes  in :  May  20,  1822 ; 
IL  21-44. 
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